
leila CiCua, rusudan qanTaria

fizika
sayrdeni konspeqti 

damxmare saxelmZRvanelo 
saatestato da erovnuli gamocdebisaTvis

gamomcemloba `klio~



© gamomcemloba `klio~ 2015

© l. CiCua, r. qanTaria, 2015

yvela ufleba daculia

 gamomcemloba `klio~
	 aRmaSeneblis gamziri 181,
	 Tbilisi, 0112, saqarTvelo
	 tel.: (+995 32) 234 04 30
	 E-mail: book@klio.ge
	 www. klio. ge

redaqtori	  leila CiCua

kompiuteruli uzrunvelyofa

elene varamaSvili

ISBN 978-9941-441-48-6

leila CiCua, rusudan qanTaria

fizika

damxmare saxelmZRvanelo saatestato da erovnuli gamocdebisaTvis

meore  gamocema

daibeWda gamomcemloba `meridianis~ stambaSi
Tbilisi, al. yazbegis gamz. 47



3

winasityvaoba

saxelmZRvaneloSi fizikis saskolo kursi warmodgenilia sayrdeni konspeqtebis 

da Teoriuli masalis mokle konspeqtis saxiT, romelic eyrdnoba saqarTvelos 

ganaTlebis saministros mier damtkicebul saSualo skolis saatestato da erovnul 

sagamocdo programebs.

sayrdeni konspeqti – es gansakuTrebuli formaa ideebis vizualuri formiT 

– sqemebiT, naxatebiT, ZiriTadi cnebebiT gadmocemisaTvis, Aanu esaa saswavlo 

masalis konspeqtireba logikur-mxatvruli gziT. igi moicavs TiTqmis yvela saWiro 

informacias.

erovnuli saswavlo gegmis mixedviT moswavlem unda SeZlos sakuTari codnis 

damoukideblad konstruireba sxvadsaxva problemis gadasaWrelad, romlisTvisac 

am saxelmZRvaneloSi mocemuli sayrdeni konspeqtebi daexmareba mas.

saxelmZRvanelo, Cven mier Sedgenili fizikis testebis krebulTan (leila CiCua, 

rusudan qanTaria – `fizika. testebi, cnobari – VII-XII klaselTaTvis, abiturebisa 

da abiturientebisaTvis~ ) erTad, daexmareba, rogorc sajaro skolis moswavleebs 

saatestato gamocdisaTvis momzadebaSi, aseve im abiturientebs, romlebic fizikas 

abareben erovnul gamocdebze. amasTan erTad, wignSi mocemuli sayrdeni  da 

Teoriuli masalis konspeqtebi maswavleblebs SeuZliaT gamoiyenon fizikis Sema

jamebeli gakveTlebis warmarTvisaTvis.

vfiqrobT, saxelmZRvanelo daexmareba moswavleebs mokle droSi efeqturad 

gaixsenon wina wlebSi naswavli fizikis Teoriuli masala da moemzadon gamoc

debisTvis.

gisurvebT warmatebebs!

Lleila CiCua leilach42@ mail.ru

rusudan qanTaria rusikokantaria@gmail.com
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fizika, rogorc sabunebismetyvelo mecniereba

Ffizika erT-erTi sabunebismetyvelo mecnierebaa. igi Seiswavlis fizikur 
movlenebs. Mmovlenebs, rodesac ar xdeba nivTierebis gardaqmna, fizikuri 
movlenebi ewodeba. Ffizikur movlenebs miekuTvneba: meqanikuri, siTburi,  
eleqtro-magnituri, optikuri movlenebi da movlenebi, romlebic atomsa da 
atomis birTvSi mimdinareobs.

fizika eqsperimentuli mecnierebaa da misi kvlevis meTodebia: dakvirveba da 
cda (eqsperimenti). Bdakvirvebas axdenen Cveulebriv, bunebriv pirobebSi. cdis 
Catareba ki winaswar momzadebas gulisxmobs.

Cven garSemo arsebul yvela sagans fizikuri sxeuli an ubralod, sxeuli ewo-
deba. Ffizikuri sxeuli aris obieqti, romelsac aqvs masa, sakuTari forma, Sesa-
bamisi moculoba da sxva sxeulebisagan gamyofi sazRvari. Ffizikuri sxeulebia, 
mag.: magida, saxli, manqana, varskvlavebi, planetebi da a.S. fizikuri sxeulebi 
xasiaTdebian sxvadasxva TvisebebiT: simkvriviT, eleqtrogamtarobiT, tempe
raturiT da sxva fizikuri TvisebebiT.

Yyvela sxeuli Sedgeba nivTierebisagan. magaliTad: oqro, vercxli da tyvia  – 
nivTierebebia. nivTiereba Sedgeba molekulebisagan, molekula ki atomebisagan. 
atomi rTuli aRnagobisaa. mis centrSi moTavsebulia masiuri birTvi, romelic 
Sedgeba protonebisa da neitronebisagan. birTvis garSemo arian eleqtronebi. 
molekulebisa da atomebis zomebi imdenad mcirea, rom maTi danaxva Zlieri 
mikroskopiTac ki SeuZlebelia. aseve molekulebs Soris arsebuli manZilebi 
Zalian mcirea, amitom adamians nivTiereba erTiani da mTliani eCveneba.

sxeulebi da fizikuri movlenebi raodenobrivad xasiaTdeba fizikuri 
sidideebiT. Ffizikuri sidide aris sxeulisa da fizikuri movlenis iseTi maxa-
siaTebeli, romlis gazomva SesaZlebelia. cdis Catarebisas umravles SemT
xvevaSi zomaven fizikur sidides. mag., fizikuri sidideebia: manZili, masa, dro, 
temperatura, moculoba da sxv.

Ffizikur sidideebs aqvs ricxviTi mniSvneloba da sazomi erTeuli. iseT 
fizikur sidides, romelsac aqvs mxolod ricxviTi mniSvneloba da ara aqvs 
sazomi erTeuli, ganyenebuli sidide hqvia. mag.: fardobiTi dieleqtrikuli 
SeRwevadoba, xaxunis koeficienti Gganyenebuli sidideebia. 

fizikuri sididis gasazomad es fizikuri sidide unda SevadaroT am sidi­
dis erTeulad miRebul etalonur sidides. mag.: sigrZis etalonia metri, masis 
etalonia kilogrami... 

yvela fizikuri sididis uSualo gazomva SeuZlebelia, amitom zogierTi 
fizikuri sididis erTeulebi miiReba im formulebis gamoyenebiT, romlebic 
erTmaneTTan akavSirebs gazomil fizikur sidideebs.

fizikuri sidideebis erTeulis dasadgenad SemoRebulia sxvadasxva erTe
ulTa sistemebi.

fizikuri sidide aRniSvna erTeuli

sigrZe l, s 1 metri (1 m)

masa m, M 1 kilogrami (1 kg)

drois Sualedi t, τ 1 wami (1 wm)

denis Zala I 1 amperi (1 a)

fizikuri sidide aRniSvna erTeuli

absoluturi
temperatura T 1 kelvini

nivTierebis
raodenoba ν 1 moli

sinaTlis Zala I 1 sanTeli (1 sn)

SI  sistemis  (S – sistema, I – internacionaluri) ZiriTadi erTeulebi
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zogierTi gamzomi xelsawyo

saxazavi
spidometri
menzura
saswori

wammzomi
TeErmometri
ampermetri
voltmetri

fizikuri sidideebi 
sidideebi, romlebic izomeba

masa _m
SI [m]=kg

manZili _ s
SI [s] = m

dro _ t
SI [t] = wm

siCqare _ υ
SI [υ] = m/wm

gazomvis cdomileba

gazomvis cdomileba  xelsawyos skalaze umciresi 
danayofis fasis  0,5

saxazavis danayofis fasi = 1 sm

gazomvis cdomileba = 0,5 sm

fanqris sigrZe     l = 22 ± 0,5 sm

sm

10

20

gamzomi xelsawyos 
danayofis fasi

skalis or uaxloes ricxviT sidideTa sxvaoba

danayofebis ricxvi maT Soris
30

20

10

0

30

20

10

0

30

20

10

0

30

20

10

0

C0

Termometris
danayofis fasi

200C–100C
10

10C

gamzomi xelsawyos danayofis fasi
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meqanikuri moZraoba

moZraoba da uZraoba fardobiTia

aTvlis sistema
aTvlis sxeuli, masTan dakavSirebuli koordinatTa sistema 

da drois sazomi xelsawyo 

aTvlis inerciuli sistema

consty =
aTvlis arainerciuli sistema

const!y

moZraobis saxeebi:
gadataniTi, brunviTi, rxeviTi

araTanabari
const!y

traeqtoria
wiri, romelsac nivTieri wertili aRwers moZraobisas 

mocemuli aTvlis sistemis mimarT

mrudwiruli moZraobawrfivi moZraoba

Tanabari
consty = , a 0=

araTanabari

const!y

TanabaraCqarebuli
 a const=

cvladi aCqarebiT

a const!

saSualo siCqare

t t t
s s s

n

n

1 2

1 2

g
g

y = + + +
+ + +
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wrfivi Tanabari moZraoba
sxeuli drois nebismier tol SualedebSi erTnair gadaadgilebebs asrulebs

wrfivi Tanabari moZraobis gantoleba

x = x0 + sx  

sx  = υxt

0 BA
Xx0 sx

x

gavlili manZili

s ty=

gadaadgileba

s ty=
siCqare

t
s
consty = =

sxeulis koordinatis droze damokidebulebis grafiki

x = x0 + υxt

x = x0 – υxt x0

x

t0

υ > 0

υ < 0

siCqaris modulis droze 
damokidebulebis grafiki

t0

υ > 0
υ

υ < 0

siCqareTa Sekrebis wesi

1 2y y y= +

y_ sxeulis siCqare aTvlis uZravi sistemis mimarT

1y  _ sxeulis siCqare moZravi aTvlis sistemis mimarT

2y  _ moZravi aTvlis sistemis siCqare uZravis mimarT
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wrfivi TanabaraCqarebuli moZraoba
sxeulis siCqare drois nebismier tol SualedebSi erTi da imave sididiT icvleba

myisi siCqare

siCqare drois 
mocemul momentSi 
an traeqtoriis 
mocemul wertilSi

saSualo siCqare

2saS
0y

y y=
+

0y  _ sawyisi siCqare
y  _ saboloo siCqare

siCqaris modulis droze 
damokidebulebis grafiki

0

y0

y

t

a > 0

a < 0

at0y y= +

y 	_ myisi siCqare
0y 	_ sawyisi siCqare
a  	_ aCqareba
t 	 _ siCqaris cvlilebis dro

TanabaraCqarebuli 
moZraobis siCqaris 

moduli

at0y y= +

TanabarSenelebuli 
moZraobis siCqaris 

moduli

at0y y= -

gadaadgileba

s t2
0 $

y y=
+

0

y0

y

y

t
t

s t
a t
20

2

y= +

s a2

2
0
2y y=

-

s tsaSy=

sxeulis koordinatis droze damokidebulebis gantoleba

x x t
a t
2x
x

0

2

y= + +

aCqareba

a t
0y y=

-

a 	 _ aCqareba
0y 	_ sawyisi siCqare
y 	_ saboloo siCqare
t 	 _ siCqaris cvlilebis dro

SI [a] = 1 m/wm2

aCqarebis grafiki

0

a > 0

a < 0

a

TanabaraCqarebuli

a > 0

TanabaraSenelebuli

a < 0

a const=
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mrudwiruli moZraoba

siCqare

A
BR

R

y

y

y

O

y

y

y

y

y 	 _ siCqare yovel wertilSi mimarTulia am wertilze gavlebuli mxebis gaswvriv.

wiriTi siCqare 

t
sy = ,             T

R
R

2
2

r
r oy = =

kavSiri wiriT da kuTxur 
siCqares Soris 

R~y =

A

BR
φ

s

O
t~
{

=

~  _ kuTxuri siCqare
φ _ radiusis Semobrunebis kuTxe
t _ Semobrunebis dro

R
2

2~
r

ro= =

kuTxuri siCqare      SI [~] = 1 rad/wm

kavSiri periodsa da 
sixSires Soris

T
1
o

=             T
1o =

sixSire 

t
No =

N  _ t droSi brunvaTa ricxvi

SI [o ]= 1 herci = 1 wm–1

periodi _ erTi sruli 
brunvis dro

T N
t=

SI [T ] = 1 wm

centriskenuli aCqareba
mimarTulia wrewiris centrisken

a R

2y=  

a R R
T
R4

42 2 2
2

2

~ r o
r= = =

a y~=

Tanabari moZraoba wrewirze

consty =
y 	_ veqtoris mimarTuleba 

icvleba

y

R
O

y

a

aa

y
y

a
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niutonis kanonebi

inercia I kanoni II kanoni III kanoni

F = 0

a = 0

const=

0=
y

masa – m 
sxeulis 
inertulobis 
zoma

SI[m] = 1 kg

arsebobs aTvlis 
inerciuli sisteme-
bi, romlis mimarTac 
sxeuli inarCunebs 
uZraobas an wrfiv 
Tanabar moZraobas, 
sanam masze Zala ar 
imoqmedebs.

a m
F= , maF =

F F F F Fn1 2 3 g= + + + +

a FN

F F1 2=-

F2

dedamiwa

mTvare

F1

m
m

a
a

2

1

1

2=

msoflio mizidulobis kanoni
(i. niutoni _ 1667)

m2m1

R

F1 F2
F G

R
m m

2
1 2=

m1 = 1 kg m2 = 1 kg

G = F

R = 1 m

kg
nm6,67 10G 11

2

2

$= -

G-s fizikuri azri

F F1 2=- ,  F F F1 2= =

F _ msoflio mizidulobis Zala

Tavisufali vardnis aCqareba

F FsimZ miz= ,                  mg G
R
Mm
2= ,                    g G

R
M
2=

( )
g G

R h
M

d
h 2=

+

gpolusze= 9,83 m/wm2,              gekvatorze= 9,78 m/wm2

F miz

Fs

m

M
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                                                    urTierTqmedebis Zalebi                   SI [F] = 1 n =1 
wm
kg m

2

$

simZimis Zala

mgFs =

drekadobis Zala xaxunis Zala

sxeulis wona
F Pdr =

Tu 0y =  an consty =

P Fs=      mgP =

Tu const!y ,  a 0!  

( )P m g a!=

Tu g a= ,
PP 0=  _ ewodeba 

uwonadoba

( )F k xdr x T=-
k _ sixiste _ 

damokidebulia sxeulis 
formaze, zomaze, 
nivTierebaze

xT  _ wagrZeleba
   SI [k] = 1 n/m

F gVa siT sxt=

Fa _ amomgdebi Zala

siTt _ siTxis simkvrive

Vsx  _ sxeulis siTxeSi 
CaZiruli nawilis 
moculoba

g _ 9,8 n/kg = 9,8 m/wm2 

deformaciis saxeebi

gaWimva

SekumSva

Zvra

Runva

grexa

uZraobis srialis gorvis

F F>uZ.x sr.x NFsr.x n= F F<g.x sr.x

horizontalur zedapirze      F mgx n=

daxril sibrtyeze              cosF mgx n a=

N
Fxn =  _ xaxunis koeficienti _ damokidebulia mosriale zedapirebis masalaze 
           da zedapiris damuSavebis xarisxze. ganyenebuli sididea. 

Fx _	 ar aris damokidebuli Semxebi sxeulebis zedapiris farTobze.

α _	 daxris kuTxe

arqimedes Zala

sxeulTa curvis
pirobebi

sxeuli iZireba,

Tu Fs > Fa    e. i.  ρsx > ρsiTx

sxeuli curavs,

Tu Fs = Fa    e. i.  ρsx = ρsiTx

sxeuli tivtivebs,

Tu Fs < Fa    e. i.  ρsx < ρsiTx
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 wneva                SI [ p] = 1 n/m2 = 1 pa (paskali)

p S
Fwn.Z=

 p _ wneva

F pSwn.Z =  _ wnevis Zala
S _ sayrdeni zedapiris farTobi

                                        F Swn.Z =

siTxis wneva

p ght=

t_ siTxis simkvrive
Fg _ 9,8 n/kg= 9,8 m/wm2

h_ siTxis svetis simaRle

siTxeze da airze moqmedi wneva ucvlelad gadaecema 
siTxisa da airis yovel wertils

paskalis kanoni

ziaWurWeli

h h1 1 2 2t t=

Tu 1 2t t= , maSin h h1 2=

Tu 1 2!t t , maSin h
h
2

1

1

2

t
t

=

hidravlikuri manqana

F1 F2

S1  S2 

F
F

S
S

1

2

1

2=

p 
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martivi meqanizmebi

berketi WoWonaqi daxrili sibrtye

h  l  α 

m 

F 

ZalaSi mogeba

mg
F

l
h=

F l
mgh

=

l
h
1<    F mg<

I gvaris

F1 F2

d1  d2O

M F d! $=

M _ Zalis momenti
F _ Zala
d _ Zalis mxari

wonasworobis piroba

M M F d F d01 2 1 1 2 2&+ = =

II gvaris

F1

F2
O d2

d1

wonasworobis piroba
F d F d1 1 2 2=

III gvaris

F1

F2

O
d2

d1

wonasworobis piroba

F d F d1 1 2 2=

uZravi WoWonaqi

F1 F2

r  r 

F1 F2

l1  l2O

wonasworobis piroba

F r F r1 2=

F F1 2=

moZravi WoWonaqi

F1

F2
r  r O B

A

F1

F2O A
B

wonasworobis piroba

F r F r21 2=

F
F
22
1=

margi qmedebis koeficienti

% %A
A

Fl
mgh

100 100
sr

sas $ $h = =

BA

BA
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p my=              

p tFT T=

p  _ sxeulis impulsi

tFT  _ Zalis impulsi

pT  _ sxeulis impulsis cvlileba

                                           sxeulis impulsi                  SI [p] = kg wm
m1

Caketili sistemis impulsi

m1
m2

1yl 2yl

urTierTqmedebis Semdeg

m m p sist1 1 2 2 =y y+
m1 m2

1y 2y

urTierTqmedebamde

m m p sist1 1 2 2+y y =l l

impulsis mudmivobis kanoni

m m m m1 1 2 2 1 1 2 2= +y y y y+ l l

p constsist =



18 fizika. sayrdeni konspeqti

                                                                          simZlavre                        SI [N] = 1 j/wm =1 vt (vati)

N t
A=  

cos cosFN F t
s

a y a==

constF =                 

                                                                meqanikuri muSaoba                     SI [A] = 1 j (jouli)

simZimis Zalis muSaoba
A mgh=

drekadobis Zalis muSaoba

A
kx
2

2

=

A cosA F S a=              

α
F

s

α

F

s

Tu cos 0>a , maSin   A 0>

Tu cos 0a = , maSin A 0=

α
F

s Tu  cos 0<a ,  maSin A 0<

energia

axasiaTebs sxeulis mier muSaobis Sesrulebis unars

siTburi eleqtruli sinaTlismeqanikuri atomuriSinagani

energiis erTeuli
SI [E] = 1 j (jouli)
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    meqanikuri energia                          SI [E] = 1 j (jouli)

Caketili sistemis sruli meqanikuri energia
E E Esr p k= +

energiis mudmivobis kanoni
E E constp k+ =                           E constsr =

potenciuri 
(urTierTqmedebis) energia

E mghp = ,       E
kx
2p

2

=  

kinetikuri  (moZraobis) 
energia

 E
m
2k

2y=  

meqanikuri  rxevebi

periodi

T N
t 1

o= =    

t _ rxevis dro

N _ rxevaTa ricxvi

SI[T ] = 1 wm 

sixSire

t
N

T
1o = =    

N _ rxevaTa ricxvi

t _ rxevis dro

SI[o ] = 1 wm–1= 1 hc(herci) 

merxevi sxeulis 
koordinatis droze 

damokidebuleba

( )cosx A t 0a ~ {= +   

A _ rxevis amplituda

T
2

~
r=  _ cikluri sixSire

0{  _ sawyisi faza

t _ rxevis dro

maTematikuri qanqara

 

l _ qanqaris sigrZe

g _ 9,8 m/wm2

T g
l

2r=

l
g

2
1o r=

l

zambariani qanqara

m
k

2
1

o r
=

mT k
m

2r=

m_ zambaraze damagrebuli tvirTis masa

k _ zambaris sixiste
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meqanikuri  talRebi
vrceldeba mxolod drekad garemoSi

ganivi talRa

nawilakis rxevis 
mimarTuleba

l

l
talRis 

gavrceleba

vrceldeba myar sxeulSi  
da Txevadi garemos zedapirze

grZivi talRa

l

l
talRis 

gavrceleba

nawilakis rxevis mimarTuleba

vrceldeba airSi, siTxeSi,  
myar sxeulebSi

talRis sigrZe

m  _ manZili or uax-
loes wertils Soris, 
romlebic irxevian 
erTnair fazaSi

SI [m ] = 1 m

talRis siCqare

Ty m mo= =

m_ talRis sigrZe

T_ periodi

o_ sixSire

bgeris siCqare haerSi 
y=  340 m/wm

bgeris Tvisebebi: 
arekvla (eqo), gardatexa, difraqcia, interferencia

bgeris xmamaRaloba
damokidebulia amplitudaze 

bgeris tonaloba
damokidebulia sixSireze 

infrabgera

o< 20 hc

ultrabgera

o  > 20 000 hc

bgera

o= 20-dan 20 000 hc-mde



21

geometriuli optika

sinaTlis arekvla

α = β
βα

α_ dacemis kuTxe
β _ arekvlis kuTxe

sinaTlis gardatexa

sin
sin

n
n

n
2

1

2

1
21b

a
y
y= = =

β

α υ1

υ2

n1

n2

α	 _ dacemis kuTxe

β	 _ gardatexis kuTxe

n
c

1
1y

=  _ pirveli garemos gardatexis 
                absoluturi maCvenebeli

n
c

2
2y

=  _ meore garemos gardatexis 
                absoluturi maCvenebeli

υ1	 _ sinaTlis siCqare pirvel garemoSi

υ2	 _ sinaTlis siCqare meore garemoSi

n21	_ meore garemos gardatexis fardobiTi 
     maCvenebeli pirveli garemos mimarT

c	 _ sinaTlis siCqare vakuumSi

sinaTlis dispersia

gardatexis maCveneblis 
damokidebuleba sinaTlis ferze

TeTri

wiTeli
narinjisferi
yviTeli
mwvane
cisferi
lurji
iisferi

niisf > nwiT

υiisf  < υwiT

s
p

e
q

t
r

i
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linza

linzis optikuri Zala

SI[D] = 1 dptr (dioptri)D F
1
!=

1 dptr  _ linzis optikuri Zalaa, Tu F F=1m

Semkrebi linzis D D >0;       gambnevi linzis D D <0

Txeli Semkrebi linza  AB<<CD

OA B

C

D

O1 O2

Txeli gambnevi linza  AB<<CD

A B

C

D

O1 O2

O

O _ linzis optikuri centri;   O1O2_ mTavari optikuri RerZi

OF	 _ fokusuri 
manZili

F	 _ linzis 
mTavari 
fokusi

F > 0 (namdvili)

O F

amozneqili linza Semkrebia

OF

OF	 _ fokusuri 
manZili

F	 _ linzis 
mTavari fokusi

F < 0 (warmosaxviTi)

Cazneqili linza gambnevia

gamosaxulebis ageba Semkreb linzaSi

h

H
2F2F FF

O

d f

Txeli Semkrebi linzis formula

  F d f
1 1 1= +

Txeli gambnevi linzis formula      

F d f
1 1 1- = -

linzis gamadidebloba (C )

h
H

d
f

C = =

1

2

3
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nivTierebis agebuleba

nivTierebis raodenoba       

                                                           N
N

M
m

A
o = =                             SI [o ] = 1 moli

o 	 _ nivTierebis raodenoba

N	 _ mocemul sxeulSi molekulebis(atomebis) ricxvi

NA = 6,02.1023 moli–1 _ avogadros ricxvi _  
   1 molSi molekulebis (atomebis) ricxvi

m	 _ sxeulis masa

M = m0 NA _ nivTierebis moluri masa

m0	_ nivTierebis erTi molekulis masa

nawilakebis qaosuri moZraoba

difuzia 

nivTierebis nawilakebis 
TavisTavadi SeRweva

brounis moZraoba

siTxeSi Setivtivebuli 
nawilakebis moZraoba

nawilakebis urTierTqmedeba

nivTierebis nawilakebi miizidebian an ganizidebian

r > d _ mizidva  r < d _ ganzidva

Fganz Fmiz Fmiz Fganz

d

d	 _ atomebs Soris manZili wonasworobisas

r	 _ atomebs Soris manZili wonasworobis darRvevisas
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airis molekulur-kinetikuri Teoriis ZiriTadi gantoleba

p nE3
2=

p _ airis wneva

n V
N=  _ molekulebis koncentracia

V _ airis moculoba, N _ nawilakebis ricxvi V moculobaSi

E
m
2
0
2y=  _  molekulis saSualo kinetikuri energia

m0	_ molekulis masa
2y 	_ siCqaris kvadratis saSualo mniSvneloba

E kT2
3=             p nkT=

k = 1,38 .10–23 j
K

  _ bolcmanis mudmiva

Tu T T1 2= , p p1 2= , V V1 2= ,  

maSin N N1 2=

bolcmanis gantoleba

idealuri airis mdgomareobis 
gantoleba

mendeleev-klapeironis gantoleba

pV M
m
RT=

p _airis wneva

V _ airis moculoba

m _ airis masa

M = m0 NA _ nivTierebis moluri masa

R = kNA = 8,31 moli
j
K  _ airis 

universaluri mudmiva

T _ temperatura kelvinis skaliT

klapeironis gantoleba

m, M _ const

T
p V

T
p V

1

1 1

2

2 2
=   

T
pV

const=

absoluturi temperatura

T t 273= +

t _ temperatura celsiusis skaliT

( ) ( )t K t C0T T=
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airis kanonebi

gei-lusakis kanoni

izobaruli procesi _ p = const
m, M _ const

T
V

T
V

1

1

2

2= ,      T
V

const=

0

p

T

p2 > p1

p2

p1

izobara

boil-mariotis kanoni

izoTermuli procesi _ T = const
m, M _ const

pV = const

0
T1

T2

p

V

   iz
o

T
erma

T2 > T1

Sarlis kanoni

izoqoruli procesi _ V = const
m, M _ const

T
p

T
p

1

1

2

2
= ,        T

p
const=

0

p

T

V2 > V1

V2

V1

izoqora

Sinagani energia

idealuri erTatomiani airis Sinagani energia

U M
m
RT3

2=

U E Ek p= +

U _ Sinagani energia

Ek _ molekulebis kinetikuri energia

Ep _ molekulebis potenciuri energia
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Sinagani energiis Secvlis xerxebi

QU AT = +

Q qm=

Q _ wvisas gamoyofili 
siTbos  raodenoba

Q
q m=

 _ wvis kuTri siTbo

m _ sawvavis masa

SI [q] = 1 kg
j

sawvavis wvisas
gamoyofili

siTbos raodenoba

muSaobis Sesruleba

U AT =

A p VT=

A A=- l

A_ airis muSaoba
p_ airis wneva
∆V_ airis moculobis 

cvlileba
A'  _ gare Zalebis 

muSaoba airze

0 V1 V2

p

p1

V

A p V1T=

siTbos gadacema

QUT =

siTbos raodenoba 
gaTbobisas an gacivebisas

( )Q cm t t cm t2 1! ! T= - =
Q _ siTbos raodenoba

c _ kuTri siTbotevadoba
m _ sxeulis masa
t2 _ saboloo temperatura

t1 _ sawyisi temperatura

SI [c] = 1 kg
j
K$

siTbos raodenoba
dnobisas an gamyarebisas

Q m!m=

m  _ dnobis kuTri siTbo
m _ sxeulis masa

SI [m] = 1 kg
j

siTbos raodenoba
orTqladqcevisas an 

kondensaciisas

Q Lm!=

L _ dnobis kuTri siTbo
m _ sxeulis masa

SI [L] = 1 kg
j

Tbogamtaroba konveqcia gamosxiveba
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eleqtrostatistikis kanonebi

kulonis kanoni
(Sarl kuloni 1785 w.)

F k
r
q q

2

1 2
=

F	 _ wertilovan (sferul) 
muxtebs Soris eleqtruli 
urTierTqmedebis Zala

9 10 k
nm

k 4
1 9

2

2

0
$rf= =  _

	 _ proporciulobis koeficienti

8,85 10 nm
k

12
2

2

0 $f = -  _
	 _ eleqtruli mudmiva

r	 _ manZili wertilovan muxtebs 
Soris (sferuli muxtebis 
centrebs Soris)

muxtis Senaxvis kanoni
Caketili sistemisaTvis

q q= l

q _ muxtebis jami urTierTqmedebamde

q q q qn1 2 g= + + +

q' _ muxtebis jami urTierTqmedebis 
            Semdeg

q q q q n1 2 g= + + +l l l l

e.i.  q q q constn1 2 g+ + + =

nebismieri muxti elementaruli 
muxtis jeradia

q en=

1,6 10 ke 19$= -

SI [q] = 1 k (kuloni)

sxeulebis eleqtrizacia

SexebiT gavleniT

damuxtuli sxeulebis urTierTqmedeba
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eleqtruli veli

eleqtruli velis Zalwirebi

constE =

Zalwirebi:

_ ar aris Caketili
_ ar gadaikveTebian
_ uwyvetia
_ iwyeba +q-ze, 
      bolovdeba –q-ze

erTgvarovani eleqtruli veli

q
E

F= ,   E k
r
q
2

0
=  

 qF E=

q _ velSi Setanili 
muxti

q0 _ velis Semqmneli 
muxti

r _  manZili  q0  muxtidan 
daZabulobis  
gamosaTvlel  
wertilamde

9 10 k
nm

k 9
2

2

$=

eleqtruli velis 
daZabuloba

SI [E] = 1 n/k = 1 v/m

damuxtuli sferos velis daZabuloba

Rq

sferos gareT

E k
r
q
2=

r>>R

sferos SigniT

E 0=
r<R

velebis superpoziciis principi

E E E E En1 2 3 g= + + + +
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eleqtrostatikuri velis muSaoba

Zabva
  eleqtruli velis energetikuli maxasiaTebeli

U q
A
Ed= =

SI [U] = 1 v = 1 j/k

potenciali  

 q
Wp{ =  

damokidebulia muxtis potenciuri energiis 
  nulovani donis arCevaze ( uaryofiTad 
damuxtuli firfitidan)

SI [{] = 1 v = 1 j/k

eqvipotencialuri zedapirebi (epz)
  potenciali zedapiris yvela wertilSi erTnairia

φ1

φ2

φ3

K
F

E

φ1 > φ2  > φ3 E

nebismieri gamtaris zedapiri 
eqvipotencialuri zedapiria

K F{ {= , A 0KF =    epz=  Zalwiri

1
2

d1

∆dd2

E +
+
+
+
+
+

–
–
–
–
–
–

q q

( )A qE d d qE d1 2 T= - = ( )A W W W2 1p p pT=- - =-

W qEdp =

A _ velis muSaoba _ eleqtrul velSi muxtis gadaadgilebisas Sesrulebuli 
muSaoba ar aris damokidebuli traeqtoriis formaze

A = 0   Caketil traeqtoriaze

d1 _ sawyisi manZili uaryofiTad damuxtuli firfitidan muxtamde

d2 _ saboloo manZili uaryofiTad damuxtuli firfitidan muxtamde

Wp _ muxtis potenciuri energia erTgvarovan velSi

potencialTa sxvaoba 

U q
A

1 2{ {= - =  

ar aris damokidebuli  
nulovani donis  arCevaze

SI [U] = 1 v = 1 j/k
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C U
q

=

q 	 _ muxti

U	 _  kondensatorze modebuli Zabva

C 	 _ eleqtrotevadoba _

		  ar aris damokidebuli q da U -ze

eleqtrotevadoba damokidebulia:

	 _ gamtarebis geometriul zomebze

	 _ gamtarebis formaze

	 _ gamtarebs Soris manZilze

	 _ garemos dieleqtrikul SeRwevadobaze

eleqtrotevadoba               SI [c] = 1f(faradi) = 1 k/v

damuxtuli kondensatoris energia

W q
E
d
qU

C
q CU

2 2 2 2

2 2

= = = =

brtyeli  kondensatoris eleqtrotevadoba

d

+q –q C d
S0= ff

f  _ garemos dieleqtrikuli Serwevadoba

0f _ eleqtruli mudmiva

S _ kondensatoris Semonafenis farTobi

d _ manZili Semonafenebs Soris

gamoyeneba – muxtebis damgrovebeli

eleqtruli velis energia

W
CU E

Sd2 2

2
0
2

= = ff

eleqtruli velis energiis simkvrive

V
W E

2
0
2

~
ff= =
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eleqtruli denis Zala         SI [I ] = 1a (amperi)

I t
q

=         I neSy=

q _ gamtaris ganivkveTSi t droSi gasuli muxti

n _ gadamtanebis koncentracia

S _ gamtaaris ganivkveTis farTobi

y  _ nawilakebis siCqare

e _ eleqtronis muxti

siTburi

joul-lencis 
kanoni

Q I Rt2=

magnituri

magnituri isris 
Semobrundeba deniani 
gamtaris maxloblad;

deniani gamtarebis 
urTierTqmedeba.

denis moqmedebebi

qimiuri

faradeis I kanoni

m kq kIt= =

m _ eleqtrodze gamo
yofili nivTierebis masa

q _ t droSi eleqtrolitSi 
gasuli muxtebi

I _ deni eleqtrolitSi

k _ nivTierebis 
eleqtroqimiuri 
ekvivalenti

SI [k ] = 1kg/k

faradeis II kanoni

k F n
A1=

n
A_ qimiuri ekvivalenti

F _ 96 500 k/moli _ 
faradeis ricxvi

A _ nivTierebis  atomuri 
masa

n _ nivTierebis valentoba

muSaoba

A qU=

radgan  q It= ,   amitom A IUt=

A I Rt R
U
t2
2

= =

simZlavre

P t
A=

PP IU I R R
U2
2

= = =

SI [P] = 1vt ( vati) = 1av

denis muSaoba da simZlavre
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omis kanoni

wredis ubnisaTvis

I

V

R
I R
U=

I _ deni wredis ubanze

U _ Zabva wredis ubanze

R_ wredis am ubnis winaRoba

R I
U=

sruli wredisaTvis

V

R

E I

r
I R r

E= +

I _ denis Zala mTel wredSi 

q
A

E
gare

=  _ denis wyaros em Zala

Agare_ araeleqtruli Zalebis 
              muSaoba

R _ gare wredis winaRoba

r _ denis wyaros Siga winaRoba

R + r _ wredis sruli winaRoba

gamtaris winaRoba

R S
lt=

R _ winaRoba

t_ nivTierebis kuTri winaRoba

l_ gamtaris sigrZe

S _ gamtaris ganivkveTis farTobi

SI [R] = 1omi = 1v/a

SI [t] = 1omi . m 

gamtaris winaRobis damokidebuleba temperaturaze

( )R R t10 a= +

( )t10t t a= +

,R0 0t _ ricxviTi mniSvneloba 00C-ze

,R t_ ricxviTi mniSvneloba t 0C-ze

α _ winaRobis Termuli koeficienti

K273
1 1a = -
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gamtarebis SeerTeba

gamtarebis mimdevrobiTi 
SeerTeba

R1 R2I I I

I I I1 2= =

U U U1 2+ =

R R R1 2= +

U
U

R
R

2

1

2

1=

Tu  R R R rn1 2 g= = = = ,

maSin   R nr=

gamtarebis paraleluri  
SeerTeba

R1

I I
R2

I1

I2

U U U1 2= =

I I I1 2+ =

I
I

R
R

2

1

1

2=

R R R
1 1 1

1 2
= +

R R R
R R
1 2

1 2= +

Tu  R R R rn1 2 g= = = = ,

maSin R n
r=

eleqtruli xelsawyoebis sqematuri aRniSvnebi

denis wyaro

naTura

winaRoba, rezistori

reostati

eleqtrozari

CamrTveli

momWerebi

koWa gulariT

kondensatori

saxurebeli

dnobadi damcveli

voltmetri

ampermetri

sadenebis SeerTeba
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1. meqanikuri moZraoba

moZraoba samyaros damaxasiaTebeli yvelaze zogadi Tvisebaa. samyaro ganu-
wyvetel, mudmiv moZraobaSia. moZraobebis sxvadasxva formebs Soris umartivesia 
meqanikuri moZraoba.

Yyovel sxeuls gansazRvruli mdebareoba ukavia sivrceSi sxva sxeulebis 
mimarT. Tu drois ganmavlobaSi icvleba sxeulis mdebareoba sivrceSi sxva sxe-
ulis mimarT, maSin Tvlian, rom sxeuli moZraobs.

drois ganmavlobaSi sxeulis mdebareobis cvlilebas sivrceSi sxva sxe­
ulis mimarT meqanikuri moZraoba ewodeba.

sxeuls, romlis mimarT mocemuli sxeuli icvlis mdebareobas aTvlis sxeuli 
ewodeba. aTvlis sxeulad SeiZleba miviCnioT nebismieri sxeuli, magaliTad: 
dedamiwa, Senoba, avtomanqana, mze da a. S. aTvlis sxeuli pirobiTad uZravad 
iTvleba sxva sxeulis mimarT.

aTvlis sxeuls, masTan dakavSirebul koordinatTa sistemas da drois sazom 
xelsawyos aTvlis sistema ewodeba.

sxeuli SeiZleba erTi aTvlis sistemis mimarT iyos uZravi, xolo meore aTvlis 
sistemis mimarT moZraobdes. magaliTad: mgzavri aTvlis sistemaSi, romelic 
avtobusTanaa dakavSirebuli uZravia, Tu is avtobusSi skamze zis, magram moZ-
ravia aTvlis im sistemis mimarT, romelic dakavSirebulia quCaze mdgom damk-
virvebelTan. amitom, rogorc moZraoba, ise uZraoba ar aris absoluturi anu 
moZraoba da uZraoba fardobiTia.

moZraobis saxeebia: gadataniTi, brunviTi da rxeviTi moZraobebi.  
moZrobas, rodesac sxeulis nebismieri ori wertilis SemaerTebeli monakveTi 

Tavisi Tavis paraleluri rCeba, gadataniTi moZraoba ewodeba. magaliTad, sxe-
ulis moZraoba eqskalatorze gadataniTi moZraobaa.

moZraobas, rodesac sxeulis yoveli wertili Semowers wrewirs, romlis 
centric sxeulis brunvis RerZze mdebareobs, brunviTi moZraoba ewodeba. 
brunviTi moZraoba perioduli moZraobaa, radgan mas ganmeoradoba axasiaTebs. 
magaliTad: saaTis isrebi brunaven erTi wertilis (centris) irgvliv, dedamiwa 
brunavs Tavisi warmosaxviTi RerZis irgvliv da sxv. 

moZraobas, rodesac sxeuli wonasworobis mdebareobidan xan erT, xan meore 
mxares gadaixreba, rxeviTi moZraoba ewodeba (magaliTad, saqanelas moZraoba). 

zogjer sxeulis moZraobis aRwerisaTvis sxeulis zoma SeiZleba ar gaviTva
liswinoT. sxeuls, romlis zomebi moZraobis mocemul pirobebSi mxedve­
lobaSi ar miiReba (ugulebelyofilia), nivTier anu materialur wertils 
uwodeben.

nivTieri wertili bunebaSi ar arsebobs, is sxeulis modelia. Tu sxeulis zome-
bi gacilebiT naklebia im manZilTan SedarebiT, romelzec sxeulis mdebareobas 
an moZraobas ganixilaven, maSin dasaSvebia sxeulis zomebis ugulebelyofa. 
magaliTad: dedamiwidan varskvlavebis moZraobaze dakvirvebisas maT zomebs ar 
iTvaliswineben. nivTier wertils aqvs masa, xolo misi zoma ugulebelyofilia. 

kinematikis safuZvlebi



35

sur. 1

a

B

A

sur. 2

A

A A

O

O

B

Ba

a

a + b

b

b

sur. 3

a1

a2 a3 a4

a

a1

a1 + a2 + a3 + a4

a2
a3 a4

A

O

b

2. moqmedebebi veqtorebsa da maT gegmilebze

 skalaruli da veqtoruli sidideebi

fizikis da sxva mecnierebebis Seswavlisas gvxvde-
ba sxvadasxva saxis sidideebi. zogi maTgani savsebiT  
ganisazRvreba maTi ricxviTi mniSvnelobiT. aseT 
sidideebs skalaruli sidideebi ewodeba. arsebobs 
sxva saxis sidideebic, romelTa gansazRvrisaTvis garda 
ricxviTi mniSvnelobisa, saWiroa agreTve maTi mimar-
Tulebis codna. aseT sidideebs veqtoruli sidideebi 
ewodeba.

wrfis mimarTuli monakveTi, romelsac aqvs saTave da 
bolo wertili aris veqtori.

veqtori, romlis saTavea A, xolo bolo wertilia B, 
aRiniSneba simboloTiAB . zogjer veqtori aRiniSneba 
agreTve erTi asoTi, magaliTad  (sur. 1).

veqtoris moduli ewodeba monakveTis sigrZes mis 
saTavesa da bolo wertils Soris. AB  veqtoris moduli 
arisA  an AB. veqtors, romlis moduli erTis tolia, 
erTeulovani veqtori ewodeba.

 veqtorebis Sekreba

dauSvaT, mocemulia ori  da  veqtori. aviRoT siv
rcis nebismieri 0 wertili (sur. 2) da avagoT OA =  
veqtori, Semdeg  veqtoris bolo AA wertilSi movdoT  

 =  veqtori. OB  veqtors ewodeba  da  veqtorebis 
jami da aRiniSneba  + -Ti. veqtorTa Sekrebis am wess 
samkuTxedis wesi ewodeba.

veqtorTa Sekrebis es wesi SeiZleba ganvazogadoT 
Sesakreb veqtorTa nebismieri sasruli raodeno-
bisaTvis. vTqvaT, mocemulia ramdenime veqtori a1 , 
a2 ..., an  (sur. 3 a), imisaTvis rom es veqtorebi Sevkri-
boT, aviRoT sivrcis nebismieri OO wertili da avagoT 
OA = a1  veqtori, Semdeg veqtoris bolo wertilSi mov-
doT a2  veqtoris saTave, a2  veqtoris bolo wertilSi 
movdoT a3  veqtoris saTave da a. S.

veqtors, romelic aerTebs a1  veqtoris saTavesa  
da an  veqtoris bolo wertils ewodeba a1 , a2 , ..., an  
veqtorebis jami da ase aRiniSneba:

 a1  + a2  + ... + an .
me-3 (b) suraTze naCvenebia oTxi veqtoris Sekrebis 

Sedegi. veqtorTa Sekrebis operacias gaaCnia Semdegi 
Tvisebebi:

a  + b =  b + a

a  + (b  + c ) = (a  + b ) + c
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x

A

B

x2x1

sur. 7

C

C

O

a

a

a + b
a – b

B

A

b

b

sur. 5

sur. 6

a

2 a

-2 a

λ = 2

λ = -2

 veqtorebis sxvaoba

a  da b  veqtorebis sxvaoba ewodeba a  + (– b ) veqtors da 
ase aRiniSneba: a  – b . cxadia a  da b  veqtorebis sxvaoba 
aris iseTi c  veqtori, rom b + c = a  (sur. 4).

me-5 suraTze naCvenebia veqtorTa Sekrebis kidev 
erTi wesi, e.w. paralelogramis wesi, romelic gvaZlevs 
agreTve veqtorTa sxvaobis agebis wess. vTqvaT moce-
mulia ori a  da b  veqtori. aviRoT sivrcis nebismieri  
O wertili da avagoT OA A = a  veqtori da OB  = b  veqtori, 
am or veqtorze avagoT OACB paralelogrami. O werti-
lidan gamosuli OC  diagonali aris a  da b  veqtorebis 
jami, xolo meore diagonali BA  warmoadgens a  da b  
veqtorebis sxvaobas.

 veqtoris skalarze gamravleba

veqtoris skalarze namravli ewodeba iseT veqtors, 
romelic akmayofilebs Semdeg or pirobas:

  b  =  λ a  e. i. λ-jer metia a  sigrZeze. sadac  
λ skalaria.

 a  da b  veqtorebs aqvT erTnairi mimarTuleba, Tu  
λ > O O da urTierTsawinaaRmdego mimarTuleba,  
Tu λ < O (sur. 6). a  veqtoris λ ricxvze namravli 
aRiniSneba λa  simboloTi.

 veqtoris gegmili

veqtoris ricxviTi mniSvnelobis gamoangariSe
bisaTvis saWiroa koordinatTa RerZebze am veqtoris 
gegmilebis codna. KAB  veqtoris gegmili x RerZze  
(sur. 7) ewodeba x2 – x1 monakveTis sidides, sadac x1 aris  
A wertilis gegmili x RerZze da x2 aris B wertilis gegmi-
li imave RerZze. x2 – x1 monakveTis sidide aris veqtoris 
saboloo da sawyisi wertilebis koordinatebis sxvaoba. 
roca veqtoris saboloo da sawyisi wertilebis Sesa-
bamisi koordinatebis sxvaoba dadebiTia, gegmili moce-
mul koordinatTa RerZze dadebiTia da piriqiT, roca 
sxvaoba uaryofiTia – gegmili uaryofiTia.

mocemulia a  veqtori xoy koordinatTa sistemaSi 
(sur. 8). maSin misi gegmili x RerZze iqneba ax = x2 – x1, xolo 
y RerZze iqneba ay = y2 – y1. Tu cnobilia am veqtoris ax da ay 
gegmilebi, maSin ∆ ABC-dan piTagoras Teoremis Tanaxmad 
a  veqtoris moduli:

.a a ax y
2 2

= +

sur. 4

a c

a

c = a – bb

b

sur. 8

CϕA

B

x2x1

ax

ay

x

y

O
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a  veqtoris mimarTulebis dasadgenad unda gamov­
TvaloT ϕ kuTxe formulidan: tgϕ =  .

Tu cnobilia a  veqtoris moduli da kuTxe ϕ, maSin 
gegmilebi	 ax = a·cosϕ,	 ay = a·sinϕ.

me-9 suraTze gamosaxulia s1 , s2  veqtorebi da maTi 
jamuri s  veqtori.  s  = s1  + s2 .

rogorc naxazidan Cans, maTi gegmilebi x RerZze 
Sesabamisad iqneba s, s1x, s2x.

amrigad RerZze veqtorebis jamis gegmili tolia am 
RerZze Sesakrebi veqtorebis gegmilTa algebruli 
jamisa.

sx= s1x+ s2x

sur. 9

x

s

A

BO

s1x

sx

s2x

s1 s2

y

3. traeqtoria. gavlili manZili. gadaadgileba

traeqtoria aris wiri, romelsac sxeuli (nivTieri wertili) aRwers moZra
obisas.

wrfis mimarTul monakveTs, romelic sxeulis sawyis mdebareobas aerTebs 
mis saboloo mdebareobasTan, gadaadgileba ewodeba.

traeqtoria SeiZleba ar emTxveodes sxeulis gadaadgilebas.
sxeulis mier drois SualedSi traeqtoriis gaswvriv gavlili gzis sigrZes 

gavlili manZili ewodeba. gavlili manZili da gadaadgileba fizikuri sidide
ebia. gavlili manZili aRiniSneba s asoTi, igi skalaruli sididea, xolo gadaadgi
leba s -iT (sur. 10).  gadaadgileba veqtoruli 
sididea.

traeqtoriis formis mixedviT sxeulebi Sei-
Zleba moZraobdnen wrfiv an mrudwirul trae-
qtoriaze. traeqtoriis forma fardobiTia. 
aTvlis sxvadasxva sistemis mimarT traeqtoria 
gansxvavebulia.

S

A

S
B

sur. 10

4. wrfivi Tanabari moZraoba

  wrfivi Tanabari moZraobis siCqare

AmoZraobas, rodesac sxeuli drois nebismier tol SualedebSi erTnair gadaad
gilebebs asrulebs, Tanabari moZraoba ewodeba. sxeulis mdebareobis cvlilebis 
siswrafes axasiaTeben siCqariT.siCqare fizikuri sididea, romelic gamoiTvleba 
gavlili manZilis SefardebiT moZraobis drosTan. wrfivi Tanabari moZraobisas 
sxeulis siCqare mudmivia. e.i. siCqaris sidide da mimarTuleba ucvlelia.

Tanabari moZraobis siCqare:

t
s

y = ,       aqedan       s ty= .

saerTaSoriso erTeulTa SI sistemaSi siCqaris erTeulia m/wm.
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sur. 12
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5. siCqareTa Sekrebis wesi

rogorc aRiniSna erTi da igive sxeuli SeiZleba meqanikur moZraobas asruleb-
des da imavdroulad uZravic iyos. es damokidebulia aTvlis sxeulis arCevaze. 
magaliTad, dedamiwis mimarT moZrav avtomanqanaSi mjdomi mgzavri uZravia savar-
Zlis mimarT, xolo dedamiwis mimarT ki – moZravi. mgzavris siCqare sxvadasxva 
aTvlis sistemis mimarT sxvadasxvaa. moZravi sxeulebis traeqtoriac sxvadasxva 
aTvlis sistemis mimarT gansxvavebulia. e. i. moZraoba da uZraoba fardobiTia.

  wrfivi Tanabari moZraobis siCqarisa da  
      gadaadgilebis modulis  grafikebi

wrfivi Tanabari moZraobis siCqaris grafiki drois 
RerZis paraleluri wrfea. 

me-11 suraTze gamosaxulia siCqaris droze damokide-
bulebis grafiki, roca  υ > 0. 

grafikis mixedviT gavlili manZili  da gadaadgilebis 
moduli ricxobrivad tolia im marTkuTxedis farTo-
bisa, romelic SemosazRvrulia siCqaris grafikiTa da 
drois RerZze monakveTiT, romelic sxeulis moZraobis 
dros gamoxatavs. 

s = υt.
wrfivi Tanabari moZraobis gadaadgilebis modulis 

droze damokidebulebis grafiki koordinatTa saTaveSi 
gamavali wrfea. 

me-12 suraTze gamosaxulia gadaadgilebis modulis 
droze damokidebulebis grafiki ori sxvadasxva siCqa-
risaTvis.  mocemuli grafikis mixedviT SesaZlebelia 
dadgindes sxeulis moZraobis siCqare.

  wrfivi Tanabari moZraobis gantoleba

davuSvaT sxeuli Tanabrad moZraobs x RerZis gaswvriv (sur. 13). 

0 BA
Xx0 sx

x

sur. 13

drois aTvlis sawyisi momentisaTvis misi sawyisi mdebareoba x RerZze aris  
A wertilSi, sawyisi koordinatiT x0. moZraobis dawyebidan t drois Semdeg sxeulma 
gaiara sx manZili da aRmoCnda B wertilSi, romlis koordinatia x, maSin   

x = x0 + sx . 
vinaidan, sxeulis Tanabari moZraobisas   sx = υxt , amitom 

x = x0 + υxt. 
am gantolebas wrfivi Tanabari moZraobis gzis gantoleba ewodeba. maSasa-

dame, Tu cnobilia sxeulis siCqare da moZraobis dro, SegviZlia davadginoT 
sxeulis mdebareoba drois mocemuli momentisaTvis an traeqtoriis mocemuli 
wertilisaTvis. 
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davuSvaT damkvirebeli imyofeba sadguris platformaze da akvirdeba mis 
win moZrav matarebels (sur. 14). damkvirvebeli CavTvaloT aTvlis sxeulad 
da davukavSiroT mas koordinatTa sistema. radgan damkvirvebeli da masTan 
dakavSirebuli (oxyz) koordinatTa sistema dedamiwis mimarT uZravia, amitom 
igi SegviZlia CavTvaloT uZrav aTvlis sistemad.

sur. 14

matarebelSi zis meore damkvirebeli, romelic uZravia matareblis mimarT, 
Tumca matarebelTan erTad moZraobs uZravi aTvlis sistemis anu pirveli 
damkvirveblis mimarT, υ  siCqariT. davukavSiroT meore damkvirvebels o'x'y'z' 
koordinatTa sistema, romelsac vuwodoT moZravi aTvlis sistema.

matarebelSi imyofeba mgzavri, romelic matareblis mimarT 1 siCqariT moZ-
raobs. -iT aRvniSnoT mgzavris gadaadgileba uZravi aTvlis sistemis – plat-
formaze myofi damkvirveblis mimarT, s1-iT mgzavris gadaadgileba moZravi aTv-
lis sistemis – matarebelSi mjdomi damkvirveblis mimarT, xolo s2 -iT moZravi 
aTvlis sistemis gadaadgileba uZravis mimarT.

maSin,				     = s1 + s2. 				    (1)

Tu moZraoba mimdinareobda t drois ganmavlobaSi, maSin (1)-is t-ze gayofiT 
miviRebT:

υ  =  =  =  + s s2s1
t t tt

s1 + s2

amrigad,				         υ  = υ1  + υ2 .			   (2)

sadac  aris mgzavris siCqare uZravi aTvlis sistemis mimarT,  υ1  – mgzavris 
siCqare moZravi aTvlis sistemis mimarT, xolo υ2  ki – moZravi aTvlis siste-
mis siCqare uZravis mimarT. me-(2)-s siCqareTa Sekrebis formulas uwodeben. 
amrigad, sxeulis rogorc gadaadgileba, aseve siCqare sxvadasxva aTvlis siste-
mis mimarT sxvadasxvaa.

sxeulis siCqare uZravi aTvlis sistemis mimarT tolia moZravi aTvlis 
sistemis mimarT misi siCqarisa da moZravi sistemis uZravi sistemis mimarT 
siCqaris geometriuli jamisa.



40 fizika. sayrdeni konspeqti

6. wrfivi araTanabari moZraoba

 saSualo siCqare

sxeuli SeiZleba moZraobdes mudmivi an cvladi siCqariT. magaliTad, mata
reblis sawyisi siCqare adgilidan daZvris momentSi nulis tolia. Semdeg misi 
siCqare TandaTan matulobs. amitom araTanabar moZraobas axasiaTeben saSualo 
siCqariT.

araTanabari moZraobis saSualo siCqare tolia sxeulis mier mTeli moZrao-
bis ganmavlobaSi gavlili manZilis Sefardebisa misi moZraobis mTel drosTan.

saSualo siCqare gamoiTvleba formuliT υsaS = t
s , sadac s = s1+s2 + ... + sn aris 

moZraobisas gavlili manZili, t = t1+ t2+ ... + tn ki dro, romlis ganmavlobaSic 
sxeulma es manZili gaiara.

t t t
s s s

saS
n

n

1 2

1 2

g
g

y =
+ + +
+ + +

.

saSualo siCqare skalaruli sididea. amrigad, saSualo siCqare gviCvenebs, ras 
udris sxeulis mier gavlili manZili drois erTeulSi.

araTanabar moZraobas axasiaTeben myisi siCqariT. myisi siCqare aris siCqare 
drois mocemul momentSi an siCqare traeqtoriis  mocemul wertilSi.

 aCqareba

siCqaris cvlilebis siswrafes axasiaTeben aCqarebiT. 

aCqareba aris fizikuri sidide, romelic tolia sxeulis siCqaris cvli­
lebis Sefardebisa drois im SualedTan, romelSic es cvlileba moxda.

aCqareba veqtoruli sididea da aRiniSneba a  asoTi.

a t
0y y=

- ,

sadac υ0  sawyisi siCqarea, υ  – saboloo siCqare, t – dro, romlis ganmavlobaSic 
Seicvala siCqare.

saerTaSoriso erTeulTa SI sistemaSi aCqarebis erTeulia m/wm2. 

 TanabaraCqarebuli moZraoba.  
   aCqarebis droze damokidebulebis grafiki

Tu siCqare drois nebismier tol SualedSi erTi da imave sididiT icvleba 
(izrdeba an mcirdeba), maSin aseT moZraobas uwodeben TanabaraCqarebul moZ­
raobas. rac metia siCqaris cvlileba drois erTeulSi, miT metia aCqareba da 
piriqiT.

TanabaraCqarebuli moZraobisas aCqareba mudmivi sididea.
TanabaraCqarebuli moZraobis aCqarebis droze damokidebulebis grafiki 

drois RerZis paraleluri wrfea (sur. 15).
Tu moZraobis siCqare izrdeba, maSin aCqarebis ric

xviTi mniSvneloba dadebiTia (a > 0). es niSnavs, rom 
siCqarisa da aCqarebis veqtorebi erTsa da imave mxa
resaa mimarTuli. xolo Tu siCqare mcirdeba, aCqarebis 
ricxviTi mniSvneloba uaryofiTia (a < 0), siCqarisa da 
aCqarebis veqtorebi erTmaneTis sawinaaRmdegod aris 
mimarTuli.

sur. 15

1

1 2 3 4 5

2
3
4

a,m/wm2

t,wm
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 TanabaraCqarebuli moZraobis siCqare

TanabaraCqarebuli moZraobisas saboloo siCqare gamoTvleba formuliT:

at0y y= + .
Tu sakoordinato x RerZi mimarTulia moZraobis mimarTulebiT, maSin

υx = υ0x + axt,    roca ax > 0;                υx = υ0x – axt,    roca ax < 0.

7. gadaadgileba TanabaraCqarebuli moZraobisas
iseve, rogorc wrfivi Tanabari moZraobis siCqaris 

droze damokidebulebis grafikidan SeiZleba gavli-
li manZilis ricxviTi mniSvnelobis gamoTvla, aseve  
araTanabari moZraobis siCqaris droze damokidebu
lebis grafikidanac SeiZleba gavlili manZilis gamoT-
vla.

me-16 suraTze gamosaxulia wrfivi TanabaraCqarebuli 
moZraobisas siCqaris gegmilis droze damokidebulebis 
grafiki. υ0x – sxeulis sawyisi siCqaris gegmilia, υx ki – 
siCqaris gegmili t drois Semdeg. t droSi Sesrulebuli 
sx gadaadgilebis ricxviTi mniSvneloba tolia OABC 
trapeciis farTobis, romelic gamoisaxeba fuZeebis naxevarjamisa da simaRlis 
namravliT:

			   s
OA BC

OC
2x $=
+ .	   e. i.	 s t2x

x x0 $
y y=
+

.		  (1)

araTanabari moZraobisas gadaadgilebis ricxviTi mniSvneloba gamoiTvleba 
formuliT:
						       = saS.t,	 		  (2)

sadac saS. araTanabari moZraobis saSualo siCqarea. Tu SevadarebT (1) da (2) 
formulebs, TanabaraCqarebuli moZraobis saSualo siCqare sawyisi da saboloo 
siCqareebis saSualo ariTmetikulis tolia:

					     2
0

saS
x x= +

y
y y .			  (3)

(3) formulis (2)-Si CasmiT, miiReba 	 2
( )

s
t0

x
x x=
+y y

	.	 (4)

radgan    x = 0x + xt,        amitom:    ( ) ( )
s

a t t a t t
2 2

2
x

x x x x x0 0 0y y y
=

+ +
=

+  .

      aqedan   s t
a t
2x x
x

0

2

y= + ,       xolo 	 2t a t
x x0 0

2

x
x+y= + .		   (5)

me-17 suraTze gamosaxulia TanabaraCqarebuli 
moZraobisas nivTieri wertilis koordinatis droze 
damokidebulebis grafiki.

TanabaraCqarebuli moZraobisas gadaadgilebis gegmi-
lis moduli SeiZleba asec gamoviangariSoT:

     a tx
x x0y y=
- -dan,       t ax

x x0y y=
- .	 (6)

Tu (6)-dan t-s mniSvnelobas SevitanT (4)-Si,  

maSin   s a2x
x x

x

x x0 0$
y y y y=
+ - .       e. i.   s a2x

x

x x
2

0
2y y=

- .

sur. 16
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8. Tanabari moZraoba wrewirze

 periodi da sixSire

moZraobas, romlis traeqtoria mrudi wiria, mrudwiruli moZraoba ewodeba.
wrewirze moZraoba mrudwiruli moZraobis erT-erTi saxea.
Sekrul wirze moZraobisas sxeuli raRac drois Semdeg kvlav ubrundeba im 

wertils, saidanac daiwyo moZraoba. aseT moZraobas periodul moZraobas uwo-
deben. Ewrewirze moZraoba periodulia.

dros, romlis ganmavlobaSic sxeuli asrulebs erT srul bruns, periodi 
ewodeba.

brunvis periodi aRiniSneba T asoTi. saerTaSoriso erTeulTa (SI) sistemaSi 
brunvis periodis erTeulia wami. sistemgareSe erTeulia wuTi, saaTi, dRe-Rame 
da sxv.

Tu sxeuli raime t droSi n bruns asrulebs, maSin brunvis periodi:

T n
t= .

Ddrois erTeulSi Sesrulebul brunTa ricxvs brunvis sixSire ewodeba. 
sixSires aRniSnaven ν (niu) asoTi.

				    t
n=o .		 e. i.		

T
1

o = .

saerTaSoriso erTeulTa (SI) sistemaSi sixSiris erTeulia 1 herci (hc) ger-
maneli mecnieris henrix hercis pativsacemad.

1 herci iseTi sixSirea, roca 1 wamSi erTi sruli bruni sruldeba.

1 hc = 
wm
1  = wm–1.

sixSire da periodi urTierTSebrunebuli sidideebia.

,T
1
o=                

.T
1o =

  wrewirze moZraobis wiriTi siCqare

wrewirze moZraoba xasiaTdeba wiriTi da kuTxuri siC-
qariT.

wrewirze moZraobisas sxeulis wiriT siCqares yovel 
wertilSi am wertilze gavlebuli mxebis mimarTuleba 
aqvs (sur. 18).

wrewirze Tanabari moZraobisas wiriTi siCqaris mod-
uli gamoiTvleba formuliT:

		                                 
t
s

y = ,

 sadac s rkalis sigrZea (sur.19), t – rkalis gavlis dro.

wrewirze erTi Semobrunebisas sxeulis mier gavlili manZili wrewiris sig-
rZis tolia.

				                            s = 2πR.
dro, romlis ganmavlobaSic erTi sruli bruni sruldeba, aris brunvis peri-

odi – T. amitom wrewirze moZraobis siCqaris modulia:

					     2
T
R=y r  ,      anu    υ = 2πRν.

sur. 18
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 kuTxuri siCqare

wrewirze nivTieri wertilis A wertilidan B-Si 
gadaadgilebisas R radius-veqtori ϕ kuTxiT Semob
rundeba (sur. 19). wrewirze moZravi nivTieri werti
lis radiusis Semobrunebis kuTxis Sefardebas dros
Tan, romlis ganmavlobaSic es Semobruneba Sesrulda,  
kuTxuri siCqare ewodeba. igi aRiniSneba ω – asoTi.

t=~ { . 

kuTxuri siCqaris erTeulia 1 rad/wm.
1 radiani aris centraluri kuTxe, romlis Sesabamisi 

rkali radiusis tolia. 1 radiani = 360°/2•3,14 = 57,3°.
nivTieri wertili wrewirze erTi sruli brunis Sesrulebisas Semowers 360°-is 

tol centralur kuTxes, romelic Seicavs 2π radians. Aamitom kuTxuri siCqare 
wrewirze moZraobisas tolia

T
2

2~
r

ro= =

maSin wiriTi siCqare kuTxuri siCqariT ase gamoisaxeba:  

υ = ωR.

9. centriskenuli aCqareba

wrewirze moZraobisas nivTieri wertilis (an sxeu-
lis) wiriTi siCqaris veqtoris moduli SeiZleba iyos 
mudmivi an cvalebadi. Tu siCqaris moduli wrewirze 
moZraobisas ar icvleba, maSin aseT moZraobas ewodeba 
Tanabari moZraoba wrewirze. radgan wrewirze moZrao-
bisas siCqaris, rogorc veqtoris mimarTuleba icvleba, 
amitom  wrewirze moZraobisas sxeuls yovelTvis aqvs 
aCqareba.  e.i. wrewirze Tanabari moZraobisas sxeulis 
aCqareba gamowveulia siCqaris mimarTulebis cvlile-
biT. es aCqareba yovelTvis mimarTulia centrisken da mas centriskenul aCqa-
rebas uwodeben (sur. 20). 

centriskenuli aCqareba gamoiTvleba formuliT:

  a R

2y= .

radgan              2 ,T
R=y r

amitom            2 1 4 4a T
R

R T R
R

T
R2

2

2 2

2

2

= = =r r r` j .

anu                                                     .a R R4 2 2 2r o ~= =

sur. 19

A
s

R Bφ

sur. 20
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10. inercia. niutonis I kanoni

sxeulis mier uZraobis an wrfivi Tanabari moZraobis SenarCunebis mov­
lenas inercia ewodeba.

inercia vlindeba yoveldRiur cxovrebaSi. transportis daZvrisas mgzavri 
inerciiT ukan gadaixreba, gaCerebisas – win. Zravis gamorTvisas manqana inerciiT 
ganagrZobs moZraobas.

niutonma daadgina rogori aTvlis sistemebisTvisaa samarTliani galileis 
inerciis kanoni da miRebuli Sedegi meqanikas daudo safuZvlad. 

niutonis I kanonis Tanaxmad: arsebobs iseTi aTvlis sistemebi, romlis 
mimarT nivTieri wertili moZraobs wrfivad da Tanabrad an uZravia, Tu 
masze sxva sxeulebi ar moqmedeben an maTi maTi moqmedeba kompensirebulia. 

aTvlis sistemas, romlis mimarT sxeuli, romelzec sxva sxeulebis moqmedeba 
kompensirebulia, inarCunebs uZraobis an wrfivi Tanabari moZraobis mdgo
mareobas, aTvlis inerciuli sistema ewodeba. yvela sistema, romelic am siste-
mis mimarT uZravia an moZraobs wrfivad da Tanabrad inerciuli sistemaa. 

aCqarebulad moZrav aTvlis sistemas aTvlis arainerciuli sistema ewodeba.
dedamiwasTan dakavSirebuli aTvlis sistema miaxloebiT inerciul sistemad 

SeiZleba CaiTvalos dedamiwis Zalian mcire aCqarebis gamo mzisa da dedamiwis  Rer-
Zis mimarT.  amitom dedamiwis mimarT uZrav an wrfivad da Tanabrad moZrav nebismier 
sxeulTan dakavSirebuli aTvlis sistemac inerciulad SeiZleba CavTvaloT. Tu 
aTvlis inerciuli sistemis mimarT moZrav sxeulze moqmedi mamoZravebeli Zala da 
xaxunis Zala erTmaneTis tolia (akompensireben erTmaneTs), maSin sxeuli imoZravebs 
wrfivad da Tanabrad manam, sanam masze sxva sxeuli ar imoqmedebs.

niutonis kanonebi samarTliania mxolod aTvlis inerciuli sistemebis 
mimarT.

11. masa

Yyvela sxeulis damaxasiaTebeli saerTo Tvisebaa is, rom Tu sxeulze sxva 
sxeulebi ar moqmedebs an maTi moqmedeba kompensirebulia, maSin igi inarCunebs 
uZraobis, an wrfivi Tanabari moZraobis mdgomareobas. sxeulis am Tvisebas iner­
tulobas uwodeben. roca sxeuli advilad icvlis Tavis siCqares, maSin sxeuli 
naklebad inertulia, xolo Tu Znelad icvlis – metad inertulia.

masa sxeulis inertulobis zomaa. igi fizikuri sididea. masas zomaven sas-
woriT. igi skalaruli sididea. SI sistemaSi masis erTeulia 1 kg. masis erTeulis 
1 kg-is etaloni inaxeba safrangeTSi, q. sevrSi zomisa da wonis saerTaSoriso 
palataSi.

Mmasis sistemgareSe erTeulebia: 1 g, 1 t da sxv.
Tu sxeulebi sinaTlis siCqareze gacilebiT naklebi siCqariT moZraoben, 

maSin maTi saerTo masa TiToeuli maTganis masaTa jamis tolia. masis am Tvisebas 
aditiurobas (krebadobas) uwodeben. magaliTad: ori sxvadasxva siTxis naerTis 
masa misi Semadgeneli siTxeebis masebis jamis tolia.

ori sxvadasxva masis sxeulebis urTierTqmedebisas maTi masebis Sefardeba 
maTi siCqareebis cvlilebis ukuproporciulia.

m
m

2

1

1

2

T
T
y
y

= .

urTierTqmedeba meqanikaSi
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12. Zala
Zala sxeulebis urTierTqmedebis maxasiaTebeli veqtoruli fizikuri 

sididea.
Zalis, rogorc veqtoris arsebiTi niSnebia: ricxviTi mniSvneloba anu 

moduli, mimarTuleba da modebis wertili.
Zala aRiniSneba -iT. 
Zala, rogorc fizikuri sidide, izomeba. Zalis sazomi xelsawyoa dinamometri.
ingliseli mecnieris isaak niutonis pativsacemad SI sistemaSi Zalis erTeu-

lia niutoni (1 n). 
Zala SeiZleba gamoisaxos grafikulad, veqtoris saxiT, 

masStabis gamoyenebiT.
Tu masStabi 10 n-ia, maSin 21-e suraTze gamosaxul sxe-

ulze moqmedi Zalis sidide 30 n iqneba.

Zala sxeulis siCqarisa da formis cvlilebis mizezia.
Zalas, romelic sxeulze iseve moqmedebs, rogorc ramdenime Zala erTad, 

tolqmedi Zala ewodeba. tolqmedi Zalis sapovnelad saWiroa sxeulze moqmedi 
Zalebis Sekreba.

davuSvaT sxeulze moqmedebs erTi wrfis gaswvriv, erTmxriv mimarTuli ori 
F1  da F2  Zala (sur 22 a). tolqmedis sidide iqneba F = F1 + F2 . am SemTxvevaSi tolq-
medis mimarTuleba emTxveva sxeulze moqmedi Zalebis mimarTulebas (sur. 22 b).

sur. 22                  
a

F1 F2 F

b

F F F1 2= +

Tu sxeulze moqmedebs erTi wrfis gaswvriv erTmaneTis sawinaaRmdegod mimar-
Tuli F1  da F2  

Zalebi (sur. 23 a), maSin tolqmedi Zala F  mimarTuli iqneba udidesi 
Zalis mxares (sur. 23 b), xolo tolqmedis sidide iqneba: F  = F2 – F1.

F F F2 1= -
a

F2F1 F F1 F2

b
sur. 23

F F F1 2= +

13. niutonis II kanoni
mecnierebis mier Catarebuli eqsperimentebis Sedegebze dayrdnobiT gamota-

nilia daskvna, romelic niutonis meore kanonis saxeliTaa cnobili.
sxeulze moqmedi Zala am sxeuls aniWebs aCqarebas, romelic pirdapirpro­

porciulia sxeulze moqmedi Zalis da ukuproporciulia sxeulis masis.
niutonis meore kanoni veqtoruli saxiT Semdegi formulebiT gamoisaxeba:

a  =  	 an  	 = ma .F Fm

10 n
F

sur. 21
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14. niutonis III kanoni
Zala, romelic sxeuls aCqarebas aniWebs, ver warmoiqmneba sxeulebis urTi

erTqmedebis gareSe – iq sadac aris qmedeba, aucileblad iqneba ukuqmedeba.
Zalebi, romliTac ori sxeuli erTmaneTze moqmedebs, sididiT tolia da 

urTierTsapirispirodaa mimarTuli

F1 = –F2.
 yuradReba miaqcie Semdegs:

miuxedavad imisa, rom sxeulebze moqmedi Zalebi sididiT tolia da urTierT-
sapirispirodaa mimarTuli, isini erTmaneTs ar awonasworeben, radgan sxvadasxva 
sxeulebzea modebuli. es Zalebi TiToeul sxeuls aniWebs aCqarebas, romelic 
sxeulebis masebis ukuproporciulia. sxeulze moqmedi Zalebi erTnairi fizi-
kuri bunebisaa.

niutonis meore kanonis Tanaxmad,     

FF1 = m
1a1            da              FF2 = m2a2 . 

radgan     F1 = FF2 ,    amitom    m
1
a

1 
= m

2
a

2
, 

saidanac          

  

a
1 m

2m
1a

2
 =  .

 

Zalis erTeulad miRebulia iseTi Zala, romelic 1 kg masis sxeuls 1 m/wm2 
aCqarebas aniWebs. Zalis am erTeuls niutoni ewodeba.

niutonis meore kanonis gamomsaxveli formulis Tanaxmad 1 n = 1 kg . m/wm2.
niutonis meore kanonic, iseve, rogorc pirveli, samarTliania im sxeule

bisTvis, romelTa moZraoba ganixileba aTvlis inerciuli sistemebis mimarT.
aCqarebas yovelTvis sxeulze moqmedi tolqmedi Zalis mimarTuleba aqvs.

15. simZimis Zala. simZimis centri
simZimis Zala aris Zala, romliTac dedamiwa izidavs sxeuls da mimarTu­

lia vertikalurad qveviT, dedamiwis centrisaken.
simZimis Zala moqmedebs dedamiwis zedapirTan axlos myof nebismier sxeulze, 

miuxedavad imisa, sxeuli vardeba dedamiwaze Tu raime sayrdenze devs.
sxeulze moqmedi simZimis Zala damokidebulia sxeulis masaze. rac ufro didia 

sxeulis masa, miT meti simZimis Zala moqmedebs masze.
mecnierebma gazomvebiT daadgines, rom simZimis Zalis Sefardeba sxeulis 

masasTan mudmivi sididea. es sidide aRiniSneba Gg asoTi.

.g m
F sim=

dedamiwisaTvis g ≈ 9,8 n/kg. es niSnavs, rom nebismier sxeuls, romlis masaa 1kg, 
dedamiwa izidavs 9,8 n ZaliT, xolo m masis sxeuls miizidavs m -jer meti ZaliT.

.mgF sim =

simZimis Zala ara marto dedamiwaze, aramed sxva planetebzec moqmedebs. 
dedamiwaze, mTvaresa da sxva ciur sxeulebze erTmaneTisagan gansxvavebuli 
simZimis Zala moqmedebs. es gamowveulia am ciur sxeulebze g-s sxvadasxva mniS-
vnelobiT. 
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24-e suraTze gamosaxulia sxeulis Semadgenel 
nawilakebze moqmedi simZimis Zalebi. 

sxeulis simZimis centri ewodeba wertils, 
romelzec modebulia am sxeulis Semadgenel 
nawilakebze moqmedi simZimis ZalTa tolqmedi.

24-e suraTze O wertili simZimis centria, romelSic 
TiTqos sxeulis mTeli masaa Tavmoyrili. amitomac mas 
masaTa centrsac uwodeben. O wertilzea modebuli am 

sxeulze moqmedi simZimis Zala.
erTgvarovani sxeulis masaTa centri da simZimis centri erTi da igive werti

lia da emTxveva erTgvarovani sxeulis geometriul centrs.

F

sur. 24

16. sxeulTa wonasworobis saxeebi
arsebobs sxeulTa wonasworobis sami saxe: mdgradi, aramdgradi da ganur­

Ceveli (sur. 25).

mdgradi aramdgradi ganurCeveli

sur. 25

sxeuli mdgrad wonasworobaSia, Tu wonasworobis mdgomareobidan gamo­
yvanis Semdeg igi ubrundeba sawyis mdebareobas.

wonasworoba mdgradia, rode-
sac brunvis RerZis mqone sxeu-
lis simZimis centri wonasworo-
bis mdgomareobidan gamoyvanis 
Semdeg maRla iwevs (sur. 26 a). 
sayrdeni farTobis mqone sxe-
ulis wonasworoba mdgradia, Tu 
wonasworobidan gamoyvanis Sem-
deg sxeulis simZimis Zalis veq-
tori gadis sayrden farTobSi 
(sur. 28 b).

zogjer sxeuli zedapiriT ki 
ar eyrdnoba sayrdens, aramed 
konturiT SemosazRvruli farTo-
biT. magaliTad, fexebze mdgari Stativis sayrdeni aris im konturiT Semo-
sazRvruli farTobi, romelic sayrdeni fexebis SemaerTebeli wrfeebiTaa 
SemosazRvruli (sur. 27). am SemTxvevaSic Tu simZimis Zalis veqtori konturiT 
SemosazRvrul farTobSi gadis, maSin sxeuli mdgrad wonasworobaSia.

aramdgradia wonasworoba, Tu wonasworobis mdgomareobidan gamoyvanis 
Semdeg sxeuli aRar ubrundeba sawyis mdebareobas. 

O O

N 

a gb

Fs Fs

F 
F 

O O

N 

O

N 

Fs

sur. 26
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17. berketi
uZvelesi droidan adamianebi cdilobdnen Sroma gaeadvilebinaT. isini 

piramidebis, taZrebis da sxva Senobebis agebisas, tvirTis raime simaRleze 
asatanad an gadasatanad iyenebdnen daxril sibrtyes, berketebs an WoWonaqebs.

berketi, daxrili sibrtye da WoWonaqi martivi meqanizmebia. es meqanizmebi 
Tanamedrove rTuli teqnikis Semadgeneli nawilebicaa.

martivi meqanizmi iseTi meqanizmia, romliTac SesaZlebelia mcire Zalis 
moqmedebiT mZime tvirTis gadaadgileba.

berketi myari sxeulia, romelsac SeuZlia brunva 
uZravi RerZis garSemo.

29-e suraTze berketi gamosaxulia sqematurad. O Oaris 
berketis sayrdeni wertili. brunvis RerZi SeiZleba 
berketze modebul Zalebs Soris iyos   an maT gareT.

umokles manZils sayrden wertilsa da Zalis 
moqmedebis wrfes Soris Zalis mxari ewodeba.

Zalis mxaris sapovnelad Obrunvis RerZidan (sayrdeni O wertili) unda davuS-
vaT marTobi Zalis moqmedebis wrfeze. d1 aris FF1 Zalis mxari, d2 ki  FF2 Zalis mxari.

Zalis sididis namravls missave mxarze Zalis momenti ewodeba.

.M F d$=

SI FsistemaSi Zalis momentis erTeulia   n•m.

aramdgradia wonasworoba, Tu brunvis RerZis 
mqone sxeulis simZimis centri brunvis RerZis maR-
laa da wonasworobidan gamoyvanis Semdeg dabla iwevs  
(sur. 26 b). sayrdeni farTobis mqone sxeulis wonasworo-
ba aramdgradia, Tu simZimis Zalis veqtori sayrdeni 
farTobis gareT gadis (sur. 28 g).

Tu brunvis RerZi firfitis centrSi gadis da fir-
fitis brunvisas ar icvleba simZimis centris mdebareoba brunvis RerZis mimarT 
(sur. 26 g). maSin sxeuli imyofeba ganurCeveli wonasworobis mdgomareobaSi.

Tu wonasworobidan gamoyvanisas izrdeba sxeulis potenciuri energia (sxe-
ulis simZimis centri zeviT gadaadgildeba), sxeuli  `cdilobs~ daikavos iseTi 
mdebareoba, roca misi potenciuri energia minimaluria. Aamitomaa, rom gagore
buli burTi ormoSi Cavardnisas, ormos yvelaze Rrma adgilze Cerdeba.

ganurCeveli wonasworobis mdebareobis maxlobeli sivrcis yvela wertilSi 
sxeuls erTi da igive potenciuri energia aqvs. Aamitom sxeulisaTvis yvela aseTi 
mdebareobis dakaveba erTnairad xelsayrelia. ganurCevel wonasworobaSia maga
liTad, horizontalur zedapirze gagorebuli burTi.

sur. 27

a b g

sur. 28

F1 F2

d2 = l2d1 = l1

sur. 29
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F2 Zala iwvevs saaTis isris moZraobis mimarTulebiT 
berketis mabrunebeli Zalis momentis aRZvras. piro-
biTad is miviCnioT dadebiTad.

FF1 Zala ewinaaRmdegeba berketis brunvas saaTis isris 
moZraobis mimarTulebiT da qmnis brunvis Semafer
xebeli Zalis moments. Aamitom am Zalis momenti piro-
biTad miviCnioT uaryofiTad.

uZravi brunvis RerZis mqone berketi wonasworo­
baSia, roca berketis mabrunebeli dadebiTi da 
uaryofiTi momentebis jami nulis tolia, anu saaTis 
isris moZraobis mimarTulebiT mabrunebeli momen­
ti tolia saaTis isris moZraobis sawinaaRmdego 
mimarTulebiT mabrunebeli momentisa.

.anu daM M F d F d
F
F

d
d

1 2 1 1 2 2
2

1

1

2= = =

berketi wonasworobaSia, rodesac masze moqmedi Zalebi am Zalebis mxrebis 
ukuproporciulia.

berketebi mravalnairia. Tu berketze moqmedi Zalebi sayrdeni wertilis 
sxvadasxva mxares aris modebuli, aseT berkets pirveli gvaris berkets uwodeben 
(sur. 29). Mmeore gvarisaa berketi, Tu tvirTi sayrdensa da modebul Zalas Soris 
aris moTavsebuli (sur. 30). berketi mesame gvarisaa, Tu 
Zala sayrdensa da tvirTs Soris aris modebuli (sur. 31).

F2

F1

d2d1

sur. 30

F2F1

d2d1

sur. 31

18. WoWonaqi
WoWonaqi Rariani Tvalia, romelsac SeuZlia brunva 

uZravi RerZis garSemo. WoWonaqis RarSi moTavsebulia 
bagiri an jaWvi. arsebobs orgvari WoWonaqi: moZravi 
da uZravi.

WoWonaqi, romlis brunvis RerZi damagrebulia anu 
tvirTis moZraobisas misi brunvis RerZi ar moZraobs, 
aris uZravi WoWonaqi.

uZravi WoWonaqi SeiZleba ganvixiloT, rogorc 
tolmxrebiani berketi (sur. 32). TiToeuli mxaris sig-
rZe WoWonaqis Tvalis radiusis tolia. l1 = l2 = r, aseTi 
WoWonaqi ar iZleva ZalaSi mogebas. Mmxolod Zalas ucv-
lis mimarTulebas.

uZravi WoWonaqisaTvis MEerT mxares moqmedi Zalis 
momenti tolia meore mxares moqmedi Zalis momentisa:

F1 r = F2 r,         F1 = F2. 

WoWonaqi, romlis brunvis RerZi tvirTTan erTad 
gadaadgildeba, (aiwevs an daiwevs) aris moZravi 
WoWonaqi (sur. 33). moZravi WoWonaqi SeiZleba ganvixi-
loT, rogorc berketi, romelzec moqmedi Zalebis mxre-
bi ar aris toli.M moZravi WoWonaqisaTvis O wertilze 
gadis warmosaxviTi brunvis RerZi, romelic sayrden 
wertilad iTvleba.

sur. 32

sur. 33
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19. moZraoba daxril sibrtyeze
martivi meqanizmebis erT-erTi saxe aris daxrili sibrtye.
daxrili sibrtyiT sxeulebis atanisas imdenjer vigebT ZalaSi, ramdenjerac 

vagebT manZilSi.

mg
F

AB
h= ,

sadac F daxrili sibrtyis gaswvriv sxeulze moqmedi 
Zalis modulia, mg – sxeulis simZimis Zalis moduli, 
h – simaRle, AB – daxrili sibrtyis sigrZe (sur. 34).

daxril sibrtyeze moZraobisas sxeulze moqmedebs 
ramdenime Zala erTad. Aamitom sxeulis moZraobas an 
wonasworobas ganapirobebs am Zalebis tolqmedi Zala, 
romlisaTvis niutonis kanonebi samarTliania.

amocana

Ddaxril sibrtyeze moZraobs m masis Zelaki, Zelakis daxrilobis kuTxea α, 
xaxunis koeficienti – μ. ipove Zelakis aCqareba.

amoxsna

Zelakze sami Zala moqmedebs (sur. 34):  F mgs =  simZimis Zala, sayrdenis 
 N  reaqciis Zala, igive drekadobis Zala da Fxax  xaxunis Zala. samive Zalis moq-
medeba erTad Zelaks aniWebs a  aCqarebas, romelic sibrtyis gaswvriv qveviT 
aris mimarTuli. Nniutonis meore kanoni ase Caiwereba:

				    ma mg N F xax= + + .				         (1)

aCqarebis ricxviTi mniSvnelobis gamosaTvlelad unda vipovoT sxeulze moqme-
di Zalebis gegmilebi x da y RerZebze. x RerZi mivmarToT daxrili sibrtyis para-
lelurad, y RerZi ki – mis marTobulad. davagegmiloT (1) gantoleba x RerZze.  
x RerZzeE sayrdenis N  reaqciis Zalis gegmili nulis tolia, vinaidan es veqtori 
x RerZis marTobia:

ax = a,      Fx = mgsinα,               Fxaxx = – Fxax         Nx = 0.
maSasadame:			   ma = mgsinα – Fxax.				    (2)

davagegmiloT (1) gantoleba y RerZze. ay = 0 (a  veqtori y RerZis marTobia).

Fsy = – mgcosα.

OA = r aris F1  Zalis mxari, xolo OB = 2r aris F2  Zalis mxari. radgan OB mxaris 
sigrZe 2-jer metia OA mxaris sigrZeze, amitom F2  Zala orjer naklebia F1  Zalaze.

wonasworobis pirobidan gamomdinare:

F1•r = F2•2r ,

aqedan			                      F2 = F1

2

moZravi WoWonaqi ZalaSi orjer mogebas iZleva.
martivi meqanizmebiT ramdenjerac vigebT ZalaSi, imdenjer vagebT manZilSi 

da piriqiT, magram muSaobaSi arc vigebT da arc vagebT. Ees debuleba cnobilia 
rogorc `meqanikis oqros wesi~.

y

α

α α

A
x

B

Fs

Fxax

Fsx

Fsy

N

a
h

sur. 34
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sayrdenis reaqciis N  Zalis veqtoris gegmili dadebiTia da misi modulis 
tolia. Fxax  da ma  gegmili nulis tolia. maSasadame (1) gantolebis y RerZze 
dagegmilebiT miiReba: 0 = N – mgcosα, saidanac N = mgcosα.

xaxunis Zala, moduliT μN-is tolia. amitom, Fxax = μmgcosα.
xaxunis Zalis es gamosaxuleba CavsvaT (2) gantolebaSi, miiReba:

ma = mgsinα – μmgcosα.
amrigad, daxril sibrtyeze xaxunis arsebobisas aCqarebis gamosaTvlelad 

miiReba Semdegi formula:  a = g(sinα – μcosα).
aCqareba daxril sibrtyeze Tavisufali vardnis aCqarebaze naklebia. Tu xaxuni 

ar aris μ = 0 es aCqareba mainc naklebia Tavisufali vardnis aCqarebaze.

 a = gsinα.
Tu davuSvebT, rom xaxunis Zala nulis tolia, maSin  ma = mgsinα.

34-e suraTis mixedviT: sin AB
h=a  .  e. i. mg

ma
AB
h=  , anu  mg

F
AB
h=  , saidanac 

miiReba `meqanikis oqros wesis~ damadasturebeli gantoleba:
F · AB = mgh.

e. i. Sesrulebuli muSaobebi tvirTis atanisas daxrili sibrtyis gaswvriv da 
vertikalurad zeviT erTmaneTis tolia, Tu μ = 0. amrigad daxrili sibrtyiT 
tvirTis atanisas vigebT ZalaSi magram vagebT manZilSi.

daxrili sibrtye farTod gamoiyeneba praqtikaSi, radgan masze moZraobisas 
aCqareba yovelTvis naklebia Tavisufali vardnis aCqarebaze. e. i. sxeulze moq-
medi Zala naklebia mis simZimis Zalaze.

Tu sxeuli Tanabrad moZraobs daxril sibrtyeze, maSin a = 0, mgsinα = μmgcosα.

aqedan
cos
sin tg= =n
a
a

a .

  martivi meqanizmis margi qmedebis koeficienti

daxrili sibrtyis meSveobiT sxeulebis garkveul h simaRleze atanisas sruli 
muSaobis (Asr) nawili xaxunis daZlevas xmardeba (Axax), nawili ki sxeulis poten-
ciuri energiis gazrdas (Asas = mgh). Asr aris daxrili sibrtyis gaswvriv gadaad
gilebisas Sesrulebuli sruli muSaoba.

sidides, romelic gviCvenebs Sesrulebuli muSaobis ra nawili moxmarda 
sasargeblo muSaobas, aris meqanizmis margi qmedebis koeficienti (Semokle-
biT mqk). margi qmedebis koeficienti aRiniSneba η (berZnuli aso `eta~) asoTi.

meqanizmis margi qmedebis koeficienti ewodeba sasargeblo muSaobis 
Sefardebas am meqanizmis mier Sesrulebul srul muSaobasTan. mqk gamoi­
saxeba procentebiT.

.

sadac Asas aris sasargeblo muSaoba, Asr – sruli muSaoba.
Asr = mgh + Axax.

amitom daxrili sibrtyis mq koeficienti

mgh + Axax

η =  •100%.

xaxunis Zalis SemcirebiT izrdeba daxrili sibrtyis margi qmedebis koefici-
enti. margi qmedebis koeficienti, praqtikulad yovelTvis, naklebia 100%-ze.
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Zalebi  meqanikaSi

20. msoflio mizidulobis Zala

niutonma ganazogada dedamiwisa da mis garSemo sxeulebis (maT Soris mTvaris) 
urTierTqmedebis movlena da daadgina kanoni, romelsac msoflio mizidulobis 
kanoni uwoda.

nebismieri ori sxeuli urTierTmiizdeba ZaliT, romlis moduli pirda­
pirproporciulia am sxeulebis masebis namravlisa da ukuproporciulia 
maT Soris manZilis kvadratisa.

F G
r
m m

2
1 2= .

msoflio mizidulobis kanoni samarTliania nivTieri wertilebisTvis da 
erTgvarovani sferuli formis sxeulebisaTvis.

m1 da m2 – sferul sxeulTa (an nivTier wertilTa) masebia, r – sxeulebis cen-
trebs Soris manZili.

G-s msoflio mizidulobis anu gravitaciuli mudmiva ewodeba. G-s ricxviTi 
mniSvneloba eqsperimentulad daadgina ingliselma mecnierma henrix kevendiSma.

gravitaciuli mudmiva ricxobrivad tolia 1 m-iT daSorebuli TiTo kg 
masis or sxeuls Soris urTierTmizidulobis Zalisa.

G GG= 0,0000000000667 n⋅m2/kg2 = 6,67⋅10–11 n⋅m2/kg2.

gravitaciuli Zala imdenad mcirea, rom praqtikulad SeumCnevelia Cvens 
garSemo arsebuli sxeulebis urTierTmiziduloba. mniSvnelovania mxolod maTi 
dedamiwis mimarT miziduloba dedamiwis Zalian didi masis gamo.

dedamiwis maxloblobaSi moqmed gravitaciul Zalas simZimis Zalas uwodeben.

21. sxeulTa Tavisufali vardnis aCqareba
galileo galileim aRmoaCina, rom Tavisufali vardna aris TanabaraCqarebuli 

moZraoba. simZimis Zalis moqmedebiT sxeulis vardnas  uhaero sivrceSi 
Tavisufali vardna ewodeba.

dedamiwis miziduloba yvela sxeuls erTsa da imave aCqarebas aniWebs, Tu 
haeris winaaRmdegoba umniSvneloa an saerTod ar aris.

Tavisufali vardnis aCqareba veqtoruli sididea. is yovelTvis mimarTulia 
dedamiwis centrisaken da erTi da igivea nebismieri sxeulisaTvis. Tavisufali 
vardnis aCqarebis saSualo mniSvnelobaa g = 9,8 m/wm2. igi dedamiwis sxvadasxva 
adgilze mcired gansxvavdeba erTmaneTisagan. es ganpirobebulia dedamiwis 
arasferuli formiT, dReRamuri brunviT da dedamiwis wiaRSi nivTierebis 
araTanabari ganawilebiT.

Tavisufali vardnis aCqareba nebismieri planetisaTvis gamoiTvleba formuliT:

						      g = G —M
R2 .				    (1)

xolo planetidan h manZilze – formuliT:

					   
( )

g G
R h
M

2=
+

.				    (2)

mTvareze Tavisufali vardnis aCqarebaa1,7 m/wm2. amitom sxeulebs mTvareze 
aqvT ufro naklebi simZimis Zala, vidre dedamiwaze. (2) formulis Tanaxmad, 
dedamiwis zedapiridan simaRlis zrdasTan erTad Tavisufali vardnis aCqareba 
da Sesabamisad, simZimis Zala TandaTan mcirdeba.
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22. drekadobis Zala
sxeulebis deformaciisas (gaWimvisas, SekumS-

visas, Runvisas da grexisas) aRiZvreba deforma-
ciis sawinaaRmdegod mimarTuli Zala, romelsac 
drekadobis Zalas uwodeben (sur. 35).

ingliseli mecnieri robert huki ikvlevda sxe
ulebis deformacias da mivida daskvnamde, rom sxe­
ulis mcire deformaciisas aRZruli drekado­
bis Zala deformaciis sididis pirdapirproporciulia da mimarTulia am 
deformaciis gamomwvevi Zalis sawinaaRmdegod. es daskvna cnobilia hukis 
kanonis saxelwodebiT.

(Fdr)x = – kx,
sadac k aris proporciulobis koeficienti, romelsac sxvagvarad sixistesac 
uwodeben. x – deformaciis sidide, anu zambaris wagrZelebis an SekumSvis sididea. 
niSani `–~ gviCvenebs, rom sxeulis Semadgeneli nawilakebis gadaadgilebis mimar-
Tuleba da drekadobis Zala erTmaneTis sawinaaRmdegodaa mimarTuli.

					     .k
x
Fdr=

mocemuli sxeulisTvis igi mudmivi sididea. sixistis erTeuli SI sistemaSi 
aris 1 n/m.

sxeulis sixiste damokidebulia sxeulis zomebze da im masalis gvarobaze, 
romlisganac igia damzadebuli. Aamitom zogadad

E L
S

k
0

= ,

sadac S aris sxeulis ganivkveTis farTobi, L0 – misi sawyisi sigrZe. proporci-
ulobis E koeficients ewodeba drekadobis moduli, an iungis moduli. igi 
nivTierebis damaxasiaTebeli sididea.

iungis moduli izomeba paskalebSi da mocemulia cxrilis saxiT sxvadasxva 
nivTierebisaTvis.

rac ufro metia sxeulis sixiste, miT meti Zalaa saWiro misi deformaciisTvis.
sayrdenSi aRZrul drekadobis Zalas sayrdenis reaqciis Zalas (N ) uwodeben, 

xolo sakidelSi aRZrul drekadobis Zalas ki – daWimulobis Zalas (T ).

Tavisufali vardnisas sxeulis mier gavlili manZili gamoiTvleba formuliT:

					   
2

h h t
gt

0 0

2

y= + + 				  

an					     h
g2

2
0
2y y

=
-

.					   

siCqaris moduli drois nebismier momentSi

					     gt0y y= + .				      	
sadac υ0 da υ-iT aRniSnulia, Sesabamisad, sxeulis sawyisi da saboloo siCqaris 
moduli, h0 da h – sxeulis sawyisi da saboloo simaRle, t – Tavisufali vardnis dro.

sxeulebi vardnisas moZraoben g aCqarebiT, vertikalurad zeviT moZraoben 
–g aCqarebiT. Aamitom zemoTmoyvanil formulebSi es unda gaviTvaliswinoT. Tu 
υ0= 0, maSin

						      h
gt
2

2

= .				  

F dr F mad

x
sur. 35
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23. sxeulis wona
sayrdenze moTavsebuli sxeuli simZimis ZaliT awveba mas. Aaseve sakidelze 

dakidebuli sxeulic – simZimis Zalis moqmedebiT Wimavs sakidels. amitom 
sayrdenic da sakidelic deformirdeba.

sayrdenis deformaciisas aRZrul drekadobis Zalas uwodeben sayrdnis 
reaqciis Zalas, sakidelis deformaciisas aRZrul drekadobis Zalas – daWimu­
lobis Zalas.

Zala, romliTac sxeuli dedamiwis mizidulobis gamo awveba sayrdens an 
Wimavs sakidels, aris sxeulis wona.

sxeulis wona modebulia sayrdenze an sakidelze da 
mimarTulia sayrdenis zedapiris marTobulad dedami-
wisken.

radgan wona Zalaa, misi erTeulic 1 niutonia. wona aRi
niSneba P  asoTi. roca sxeuli dedamiwis mimarT uZrav 
horizontalur sayrdenze devs an uZrav sakidelzea, 
maSin sxeulis wonis ricxviTi mniSvneloba simZimis Zalis 
tolia

.
36-e suraTze mg simZimis Zalaa, modebulia sxeulis 

simZimis centrze; P  sxeulis wonaa, modebulia sayrden-
ze; N  sayrdenis reaqciis Zalaa.

 aCqarebulad moZravi sxeulis wona

cdebisa da dakvirvebebis Sedegad daadgines: Tu tvir-
Ti aCqarebulad moZraobs zeviT, sakidze  an sayrdenSi 
aRZruli drekadobis Zala metia sxeulze moqmed simZi-
mis Zalaze. es niSnavs, rom sxeulis wona metia simZimis 
Zalaze (sur. 37 a).

Tu tvirTi aCqarebulad moZraobs qveviT, masze moq-
medi simZimis Zala metia sakidze an sayrdenSi aRZrul 
drekadobis Zalaze da sxeulis wona naklebia simZimis 
Zalaze (sur. 37 b).

tvirTis aCqarebulad zeviT moZraobisas
Fdr – Fsim = ma.     

aqedan,                            Fdr = Fsim + ma.

FFsim
 = mg,     amitom      Fdr = mg + ma = m (g + a).

niutonis mesame kanonis Tanaxmad ra ZaliTac sxe-
uli moqmedebs sakidze, imave ZaliT sakidi moqmedebs 
sxeulze – es Zala ki sxeulis wonaa: FFdr = P, e. i. sxeulis 
wona PP = m (g + a).

analogiurad, tvirTis aCqarebulad qveviT moZrao­
bisas   FFsim

 – Fdr = ma    da  Fdr = P = m (g – a).
im SemTxvevaSi, Tu sxeuli sakidTan an sayrdenTan erTad vardeba vakuumSi 

(uhaero sivrceSi), maSin misi aCqareba a = g  da  PPP = m (g – g) = 0.  

N

P
mg

sur. 36

sur. 37
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Tu sxeulis wona nulis tolia, maSin sxeulis aseT mdgomareobas uwonobas 
uwodeben. uwonobis mdgomareobaSia yvela is sxeuli, romelic Tavisuflad 
vardeba.

Tu rezinis zonars xels gavuSvebT, igi daiwyebs vardnas da zonari gauWimav 
mdgomareobaSi aRmoCndeba. anu zonari tvirTTan erTad uwonobis mdgomareoba-
Sia. dedamiwis garSemo, orbitaze moZrav kosmosur raketaSi myofi kosmonavtebi, 
uwonobis mdgomareobaSi arian. meore mxriv, raketis startisas kosmonavtebis 
wona ramdenjerme izrdeba mniSvnelovani aCqarebis gamo.

simZimis Zalis sapirispiro mimarTulebiT aCqarebulad moZravi sxeulis wonis 
Sefardebas amave sxeulis simZimis ZalasTan gadatvirTva (n) ewodeba.

( )
n
F
P

mg
m g a

g
g a

s
= =

+
=

+
.

24. xaxunis Zala

erTi sxeulis meore sxeulis zedapirze amoZravebisas 
aRiZvreba xaxunis Zala, romelic xels uSlis sxeulebis 
erTmaneTis mimarT moZraobas. xaxunis Zala  mimarTulia  
Semxebi zedapirebis gaswvriv moZraobis fardobiTi 
siCqaris sawinaaRmdegod (sur. 38).

ganasxvaveben sami saxis xaxunis Zalas: uZraobis, srialis da gorvis.
uZraobis xaxunis Zala aRiZvreba da moqmedebs uZrav sxeulze maSin, rodesac 

raime ZaliT uSedegod cdiloben mis amoZravebas. wevis Zalis zrdasTan erTad 
xaxunis Zala matulobs. amitom sxeulis amoZravebamde uZraobis xaxunis Zala 
wevis Zalis tolia da mis sapirispirod aris mimarTuli. sxeulis amoZravebis 
momentSi aRZruli uZraobis xaxunis Zala maqsimaluria. igi metia srialis xaxunis 
Zalaze. amitom sxeulis adgilidan daZvra ufro Znelia, vidre misi gasrialeba.

moZraobis dawyebis momentidan sxeulze moqmed xaxunis Zalas srialis xaxu­
nis Zalas uwodeben.

xaxunis Zala pirdapirproporciulia sayrdenis reaqciis Zalis.

.F Nxax n=

sadac µ xaxunis koeficientia, N – sayrdenis reaqciis Zala. 
xaxunis Zala damukidebulia Semxebi zedapirebis masalaze da damuSavebis 

xarisxze. igi ar aris damokidebuli Semxebi zedapirebis farTobze. horizon-
talur zedapirze sxeulebis moZraobisas xaxunis Zala simZimis Zalis propor-
ciulia.

F mgn= .

sxeulis gorvisas aRiZvreba gorvis xaxunis Zala. Tu sxeuli Tanabrad 
moZraobs, wevis Zala xaxunis Zalis tolia.

sxeulis siTxeSi an airSi moZraobisas aRiZvreba xaxuni, romelsac svel xaxuns 
uwodeben. am dros sxeulsa da siTxes (airs) Soris aRZrul xaxunis Zalas winaaR­
mdegobis Zala ewodeba.

sveli xaxunisas uZraobis xaxunis Zala ar arsebobs. amitom sxeulebis amoZ-
raveba siTxeSi da airSi ufro advilia, vidre mSral zedapirze. winaaRmdegobis 
Zala damokidebulia siTxis gvarobaze. rac ufro blantia siTxe, miT metia 
winaaRmdegobis Zala. winaaRmdegobis Zala damokidebulia agreTve siTxeSi 
moZravi sxeulis formaze.

sur. 38
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hidrostatika da aerostatika

25. nivTierebis simkvrive

sxeulis masis Sefardebas mis moculobasTan nivTierebis simkvrive ewodeba.

,V
mt =

sadac ρ (ro) nivTierebis simkvrivea, m sxeulis masa da V misi moculoba.
nivTierebis simkvrive ricxobrivad am nivTierebis erTeulovani moculobis 

masis tolia.
simkvrivis erTeuli SI sistemaSi aris 1 kg/m3. simkvrivis erTeulia agreTve  

1 g/sm3.
simkvrivis formulidan gamomdinare: 

m V$t=             da        .V
m
t=     

sxvadasxva nivTierebas gansxvavebuli simkvrive aqvs. magaliTad: wylis sim-
kvrivea 1000 kg/m3 , oqros simkvrivea 19 300 kg/m3. nivTierebis simkvrive am niv-
Tierebis erTeulovani moculobis masis tolia (wylisTvis simkvrivis mniS
vneloba miuTiTebs imaze, rom 1 m3 moculobis wylis masaa 1000 kg).

simkvrive skalaruli sididea. nivTierebis simkvrive icvleba agregatuli 
mdgomareobis cvlilebisas, radgan damokidebulia nivTierebaSi molekulebis 
ganlagebis simWidroveze.

siTxeTa narevis simkvrive tolia siTxeTa masebis jamis Sefardebisa mTliani 
siTxis moculobasTan. zogadad, narevis moculoba Semadgeneli siTxeebis mocu-
lobaTa jamis toli SeiZleba ar iyos.

26. wneva
Zalis raime zedapirze zemoqmedebis Sedegis damaxasiaTebel fizikur sidides 

wneva ewodeba.
wneva aris fizikuri sidide, romelic gamoiTvleba sayrden farTobze mar­

Tobulad moqmedi Zalis SefardebiT am sayrdenis farTobTan.
wneva ricxobrivad sayrdeni farTobis erTeulze marTobulad moqmedi Zalis 

tolia, aRiniSneba Pp – asoTi da gamoiTvleba formuliT:

,p S
F=

sadac FF  aris sayrden zedapirze marTobulad moqmedi Zala (wnevis Zala), xolo 
S – am sayrdeni zedapiris farTobi. wneva skalaruli sididea.

wnevis Zala gamoiTvleba formuliT:

.F pS=

wnevis erTeulia 1 paskali (SemoklebiT 1 pa)  . praqtikaSi gamoiye
neba wnevis sxva erTeulebic:

1 heqtopaskali (1 hpa) = 100 pa,   1 kilopaskali (1kpa) = 1000 pa.

erTi da imave Zalis moqmedebisas sayrdeni farTobis gazrdiT wneva mcirdeba, 
xolo SemcirebiT – izrdeba.



57

27. siTxis wneva WurWlis fskersa da kedlebze
  airis wneva

airis molekulebi Tavisuflad moZraoben. Mamitom airi WurWelSi moTavse
bisas, siTxeebisa da myari sxeulebisgan gansxvavebiT, mTlianad avsebs WurWlis 
moculobas.

airis molekulebi ganuwyvetliv da uwesrigod (qaosurad) moZraoben, amitom 
uamravi molekula ejaxeba WurWlis fskersa da kedlebs. e. i. maTze moqmedebs 
ZaliT. swored es ganapirobebs airis wnevas WurWelSi. airis wneva WurWlis 
nebismier wertilSi erTnairia.

roca airis masa ucvlelia, maSin airis moculobis Semcirebisas misi wneva 
izrdeba, xolo moculobis gazrdisas – mcirdeba. daxurul WurWelSi anu mud-
mivi moculobisas airis wneva damokidebulia temperaturaze. temperaturis 
gazrdiT wneva izrdeba.

 siTxis wneva

siTxeebze, iseve, rogorc dedamiwaze moTavsebul yvela sxeulze, moqmedebs 
simZimis Zala. Aamitom WurWelSi moTavsebuli siTxis yoveli fena simZimis Zalis 
moqmedebiT awveba qvedas. ZiriTadad, swored amiT aris gamowveuli siTxis wneva. 
amitom siTxis siRrmeSi wneva metia, vidre zeda fenebSi.

dauSvaT, WurWelSi, romlis fuZis farTobia S, Casxmulia 
wyali h simaRleze (sur. 39).

radgan wylis wneva WurWlis fskersa da kedlebze gamowve
ulia masze moqmedi simZimis ZaliT, amitom

.p S
Fsim= ,    sadac .F mg Vgsim t= =  

ρ – wylis simkvrivea, xolo V = Sh wylis moculobaa.

.p S
gV

S
ghS

gh
t t

t= = = ,

anu siTxis wneva WurWlis fskerze da kedlebze gamoiT-
vleba formuliT:

.p ght=

siTxis wneva WurWlis fskerze da kedelze damokidebulia siTxis simkvri­
vesa da svetis simaRleze.

Tu siTxis zedapirze moqmedi wneva aris p0 (magaliTad, atmosferuli wneva) 
maSin:

p = p0 + ρgh.

siTxis wneva WurWlis kedelze gamoiTvleba formuliT:

p
gh
2
t

= .

sur. 39

28. paskalis kanoni
Mmyar sxeulze gare ZaliT zemoqmedebisas wneva mxolod Zalis moqmedebis mimar-

TulebiT gadaecema. magaliTad, Tu marcxena xelisgulze Txel wigns moaTavseb 
Ada marjvena xelis saCvenebeli TiTiT daawvebi mas, maSin wnevas xelis gulze 
TiTis gaswvriv SeigrZnob.
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29. ziarWurWeli
saerTo sadinaris mqone ramdenime WurWels ziarWur­

Weli ewodeba (sur. 40).
dauSvaT ziarWurWlis erT milSi siTxis wnevaa  

p1 = ρ1 g h1, meore milSi p2 = ρ2 g h2. maSin siTxis wneva pirve-
li da meore milis fskersa da mimdebare kedlebze, pas-
kalis kanonis Tanaxmad, erTmaneTis tolia: Pp1 = p2, amitom, 
ρ1 gh1 = ρ2 g h2.

aqedan gamomdinare:          h
h
2

1

1

2

t
t

= .

roca  Pρ1 = ρ2,  maSin  h1 = h2,    xolo  roca   ρ1 ≠ ρ2,  maSin h1 ≠ h2.
uZrav ziarWurWelSi erTgvarovani siTxis Tavisufali zedapiri erT done­

ze dgas, xolo araerTgvarovanis – sxvadasxvaze.
is siTxe, romlis simkvrive naklebia, milSi met simaRleze dgeba da piriqiT.
dedamiwaze msoflio okeaneSi Semavali wylebi, zRvebi da okeaneebi erTmaneT-

Tan dakavSirebuli arian sruteebiT, anu isini erTmaneTs sadinariT ukavSirde
bian. amitom msoflio okeane uzarmazari ziarWurWelia, romlis zedapirze 
wylis done yvelgan erTnairia.

30. hidravlikuri manqana

hidravlikuri manqana Sedgeba sxvadasxva diametris 
ori cilindrisagan, romlebic erTmaneTTan dakavSire-
bulia saerTo sadinariT. cilindrebSi Casxmulia zeTi. 
Ppatara cilindris ganivkveTis farTobia S1, xolo didi-
sa S2 (sur. 41). Tu patara cilindris dguSze vimoqmedebT 
F1 ZaliT, maSin am Zalis mier warmoebuli wneva iqneba:

p S
F
1

1= .

paskalis kanonis Tanaxmad, es wneva ucvlelad gadaecema did dguSs. e. i. did 
dguSze warmoebuli wneva igive iqneba rac, patara cilindris dguSze. am wnevis 

gansxvavebiT myari sxeulebisagan, siTxeebsa da airebs aqvT saerTo Tviseba. maT 
fenebs SeuZlia erTmaneTis mimarT gadaadgileba. magaliTad, Tu WiqaSi wyals 
odnav Seuberav haers, igi daiwyebs moZraobas. Aasevea haeric. haeris fenebis 
moZraobis Sedegad warmoiSoba qari.

siTxisa da airis fenebis urTierTmonacvleoba ganapirobebs siTxeebsa da 
airebSi wnevis gadacemas yvela mimarTulebiT.

es kanonzomiereba daadgina frangma mecnierma blez paskalma da mas paskalis 
kanoni ewoda.

siTxesa da airze warmoebuli wneva ucvlelad gadaecema siTxisa da airis 
yovel wertils.

sur. 40

s1
s2

F2
F1

sur. 41
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31. atmosferuli wneva

Aatmosferuli wneva XVII saukuneSi gazoma italielma mecnierma evanjelis-
ta toriCelim. Mman erTi mxridan darCiluli 1 metri sigrZis mili gaavso ver
cxliswyliT, milis Ria bolos mWidrod daaWira TiTi da gadmoapirqvava ver-
cxliswylian jamSi. TiTis mocilebis Semdeg vercxliswylis nawili CaiRvara 
jamSi. milSi darCa 76 sm simaRlis vercxliswylis sveti. es gamoiwvia iman, rom 
milSi vercxliswylis svetis wneva gautolda Ria jamSi vercxliwylis Tavi
sufal zedapirze moqmed atmosferul wnevas. milSi darCenil cariel sivrces 
toriCelis sicariele uwodes.

atmosferuli wneva praqtikaSi SeiZleba gaizomos minis milSi vercxlis 
wylis svetis simaRliT (milimetrobiT). magaliTad, Tu atmosferuli wneva aris  
760 mm vwy. sv, es niSnavs, rom haeri awarmoebs iseTive wnevas, ramdensac 760 mm  
vercxliswylis sveti. Tu sxvadasxva mizeziT Semcirda an gaizarda atmosferuli 
wneva, Sesabamisad daiwevs an aiwevs vercxliswylis svetis simaRle milSi.

Aatmosferuli wnevis erTeulia 1 milimetri vercxliswylis svetisa  
(1 mm vwy. sv.). es erTeuli paskalebSi iqneba

p = gρ
vwy

 h = 9,8 n/kg • 13 600 kg/m3 • 0,001 m = 133,3 pa.

760 mm vercxliswylis svetis wneva 0°C-ze miCneulia normalur atmosferul 
wnevad, mas 1 atmosferos uwodeben da aRniSnaven ase: 1 atm. 

1 atm = 760 mm vwy. sv. =101 308 pa ≈ 100 000 pa.

dedamiwis zedapirTan axlos, yovel 12 m simaRleze asvlisas atmosferuli 
wneva mcirdeba vercxliswylis svetis 1mm-iT anu  ≈133 pa-iT.

radgan haeris simkvrive sxvadasxva simaRleze sxvadasxvaa atmosferuli wnevis 
gamosaTvlelad .p ght=  formulis gamoyeneba SeuZlebelia.

amindis cvlilebisas atmosferuli wneva icvleba. Tu atmosferuli wneva 
Semcirdeba mosalodnelia wvima, xolo Tu moimatebs, maSin mSrali amindi iqneba.

moqmedebis gamo did dguSze moqmedi Zala F2 = pS2. wnevis mniSvnelobis gaTva
liswinebiT:

F S
F
S2

1

1
2=       anu     

F
F

S
S

1

2

1

2= .

radgan S2 > S1, amitom F2 > F1. amgvarad, mcire ZaliT SeiZleba didi tvirTis aweva.
hidravlikuri manqana ZalaSi mogebas gvaZlevs imdenjer, ramdenjerac 

didi dguSis farTobi metia mcire dguSis farTobze.
hidravlikuli manqana martivi meqanizmia.

32. arqimedes kanoni
eqsperimentebiT dadginda, rom siTxeSi CaSvebul sxeulze moqmedebs amomgdebi 

Zala. am Zalis sidide 22 saukunis win daadgina berZenma mecnierma arqimedem. Mmas 
arqimedes Zala ewoda.

cdis Sedegebis analizidan gamomdinareobs, rom siTxeSi moTavsebul sxeulze 

moqmedi amomgdebi Zalis sidide am sxeulis mier gamodevnili siTxis wonis 

tolia.				     Fa = PsiTx. 				    (1)



60 fizika. sayrdeni konspeqti

33. sxeulTa curvis pirobebi
sxvadasxva sxeuli siTxeSi sxvadasxva mdebareobas ikavebs. zogierTi iZireba, 

zogierTi tivtivebs, zogierTi ki curavs siTxis nebismier siRrmeze. es gan-
pirobebulia imiT, Tu ra Tanafardobaa arqimedes Zalasa da sxeulze moqmed 
simZimis Zalas Soris.

 Tu sxeulze moqmedi simZimis Zala metia arqimedes Zalaze, maSin sxeuli iwyebs 
moZraobas siTxis fskerisken da iZireba.

Fsim > Fa       anu        ρsx gVsx > ρsiTx gVsx.           e. i.      ρsx > ρsiTx.

sxeuli siTxeSi iZireba, Tu misi simkvrive metia siTxis simkvriveze. sxeulis 
fskerze CaZrvisas igi eyrdnoba fskers da masze amomgdebi Zala aRar imoqmedebs.

 Tu sxeulze moqmedi simZimis Zala tolia arqimedes Zalis, maSin sxeuli 
wonasworobaSia siTxis SigniT nebismier adgilas.

Fsim = Fa           anu           ρsx gVsx = ρsiTx gVsx.           e. i.      ρsx = ρsiTx.

sxeuli curavs siTxeSi nebismier siRrmeze, Tu maTi simkvriveebi tolia.
 Tu simZimis Zala naklebia arqimedes Zalaze, maSin sxeuli iwyebs siTxis zeda-

pirisken moZraobas.
Fsim < Fa.      anu        ρsx gVsx < ρsiTx gVsx.          e. i.      ρsx < ρsiTx.

sxeuli amotivtivdeba wylis zedapirze, Tu misi simkvrive naklebia siTxis 
simkvriveze.

rodesac siTxeSi moTavsebuli sxeuli iwyebs siTxis zedapiridan amotivtive-
bas, masze moqmedi arqimedes Zala iwyebs Semcirebas, radgan mcirdeba sxeulis 
moculobis is nawili, romelic siTxeSia CaZiruli. am SemTxvevaSi arqimedes Zala 
tolia im siTxis wonisa, romelic gamodevna sxeulis siTxeSi CaZirulma nawilma. 
rodesac arqimedes Zala gautoldeba simZimis Zalas, siTxidan amotivtivebuli 
sxeuli curavs siTxis zedapirze. Aamitom sxeulis tivtivisas amomgdebi Zala 
gamoiTvleba formuliT:

Fa
 = ρsiTx gVsx.

siTxis wona:				    PsiTx = gmsiTx.				    (2)

siTxeSi CaZiruli sxeulis an sxeulis CaZiruli nawilis mier gamodevnili 
siTxis moculoba aRvniSnoT Vsx-iT. gamodevnili siTxis moculoba sxeulis an 
sxeulis CaZiruli nawilis moculobis tolia

VsiTx. = Vsx.
amitom, gamodevnili siTxis masa:
					     msiTx = ρsiTx Vsx. 				    (3)

Tu (2) da (3) CavsvamT (1)-Si, maSin:

arqimedes (amomgdebi) Zala damokidebulia siTxis simkvriveze, masSi CaZir­
uli sxeulis moculobaze da mimarTulia simZimis Zalis sapirispirod.

sxeulebis wona siTxeSi naklebia, vidre haerSi. Ees niSnavs, rom arqimedes Zala 
siTxeSi moTavsebul sxeulze moqmedebs qvemodan zemoT. Aamomgdebi Zala amsub-
uqebs sxeulebs. Aamomgdebi Zala moqmedebs airSi myof sxeulebzec.
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mudmivobis kanonebi meqanikaSi

34. sxeulis impulsi
fizikur sidides, romelic sxeulis masisa da siCqaris namravlis tolia 

ewodeba sxeulis impulsi.
impulsi erT-erTi umniSvnelovanesi fizikuri sididea. igi veqtoruli sidi-

dea da aRiniSneba P p  asoTi. misi mimarTuleba emTxveva sxeulis siCqaris mimar-
Tulebas.

p my= .

SI sistemaSi impulsis erTeulia 1 kgm/wm.
radgan sxeulis impulsi veqtoruli sididea, Cven mier winaswar SerCeuli 

romelime mimarTulebis Tanxvedrili impulsis niSani dadebiTia, xolo misi 
sawinaaRmdego impulsi – uaryofiTi.

 Zalis impulsi

niutonis II kanonis Tanaxmad sxeuli siCqares icvlis Zalis moqmedebis Sede-
gad. Aamitom maF =

Tu sxeulis sawyisi siCqarea υ0, saboloo υ, Zalis moqmedebis dro – t, maSin

m
t t

m m
F 0 0y y y y
=

-
=

-
,

e. i. t m mF 0$ y y= - .

radgan                             m py = ,    amitom     t p p pF 0$ T= - = .

tF $  sidides Zalis impulsi ewodeba.

Aaqedan gamomdinare, Zalis impulsi sxeulis impulsis cvlilebis tolia.
sxeulis impulsi erTi da imave sididiT SeiZleba Seicvalos:
1. Tu sxeulze xanmokle droSi didi Zala imoqmedebs;
2. Tu xangrZlivi drois ganmavlobaSi mcire Zala imoqmedebs.
Tu urTierTqmed sxvadasxva masis sxeulebze erTi da imave droSi erTnairi 

Zala imoqmedebs, maSin am sxeulTa impulsebi erTnairi sididiT Seicvleba.

35. impulsis mudmivobis kanoni
niutonis mesame kanonis Tanaxmad ori sxeuli erTmaneTze moqmedebs sididiT 

toli da sawinaaRmdegod mimarTuli ZalebiT:

					     F F1 2=- .					     (1)
niutonis meore kanonis Tanaxmad,

, ,m a m aF F1 1 1 2 2 2= =       sadac    dam m1 2    sxeulTa masebia.

(1) tolobis Tanaxmad:     ,m a m a1 1 2 2=-              , .a
t

a
t1

1 1
2

2 2y y y y
=

-
=

-l l

a1  da a2  aris t drois ganmavlobaSi sxeulis urTierTqmedebis Sedegad SeZenili 
aCqarebebi, 1y  da 2y  sxeulTa siCqareebia dajaxebamde, xolo 1yl  da 2yl  sxeulTa 
siCqareebi dajaxebis Semdeg. 
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36. meqanikuri muSaoba da simZlavre
meqanikuri muSaoba (A) aris fizikuri sidide, romelic Zalisa da am Zalis 

mimarTulebiT sxeulis gadaadgilebis namravlis tolia:

,A Fs=

sadac F aris Zalis sidide, s sxeulis gadaadgilebis moduli muSaobis Sesrulebis 
procesSi sxeulze moqmedi mudmivi Zalis mimarTulebiT.

SI sistemaSi muSaobis erTeulia jouli (SemoklebiT – j) ingliseli mecnieris 
jeims preskot joulis pativsacemad.

1 jouli = 1 niutoni · 1 metri = 1 n · m.

1 jouli muSaobaa, romelsac asrulebs 1 niutoni Zala am Zalis moqmedebis mimar-
TulebiT sxeulis 1 m manZilze gadasaadgileblad. muSaoba skalaruli sididea.

imisaTvis, rom sxeulma muSaoba Seasrulos (sulerTia, es sxeuli adamiania Tu 
manqana) – mas muSaobis Sesrulebis unari unda gaaCndes.

rodesac sxeuls aqvs muSaobis Sesrulebis unari, amboben, rom sxeuls aqvs 
energia. raime konkretuli muSaobis Sesrulebisas sxeulis is energia mcirdeba, 
romlis xarjzec sruldeba es muSaoba. Sesrulebuli muSaoba aris erTi saxidan 
sxva saxeSi gardaqmnili energiis zoma da sididiT is energiis cvlilebis 
tolia.

amitom                                 ,F m t F m t1 1
1 1

2 2
2 2= =y y y y- -l l

, 

xolo                                     ( ), ( )F t m F t m1 1 1 1 2 2 2 2= =y y y y- -l l .

(1) formulis mixedviT: 

m
t

m
t1

1 1
2

2 2y y y y-
=-

-l l
 anu ( ) ( ),m m1 1 1 2 2 2y y y y- =- -l l

aqedan,                                   m m m m1 1 2 2 1 1 2 2y y y y+ = +l l  ,					    (2)

sadac p m1 1 1y=  da p m2 2 2y=  sxeulebis impulsebia dajaxebamde, xolo 'p m3 1 1= y  
da 'p m4 2 2= y  – dajaxebis Semdeg. am aRniSvnebis gaTvaliswinebiT (2) gantoleba 
ase SeiZleba gadavweroT:

p p p p1 2 3 4+ = + .

anu sxeulebis impulsebis jami urTierTqmedebamde tolia maTi impulsebis 
jamisa urTierTqmedebis Sedeg. miRebuli Sedegi samarTliania, e. i. sruldeba 
Caketili sistemisaTvis, anu sxeulTa iseTi jgufisaTvis, romlebic urTi
erTqmedeben mxolod erTmaneTTan. isini ar urTierTqmedeben iseT sxeulebTan, 
romlebic am jgufSi (sistemaSi) ar Sedis.

am debulebas uwodeben impulsis mudmivobis kanons Caketil sistemaSi urT-
ierTqmed nebismieri sxeulebisaTvis.

Caketil sistemaSi sxeulebis impulsebis geometriuli jami urT­
ierTqmedebamde tolia amave sxeulebis impulsebis geometriuli jamisa 
urTierTqmedebis Semdeg.

radgan impulsebis geometriuli jami urTierTqmedebis Semdeg ar icvleba, 
sxeulebis impulsebis gegmilebis algebruli jamic ucvleli rCeba. Aamitom 
geometriuli Sekreba algebruli SekrebiT SeiZleba Seicvalos.
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muSaobis sidide damokidebulia sxeulze moqmed Zalasa da gadaadgilebas 
Soris kuTxeze: 

cosA F s$ $ a= .

TUu α = 00 ,    maSin   A= Fs.

F s
A > 0

TUu α = 1800 ,    maSin  A= _Fs.

F
s

A < 0

TUu α = 900,     maSin   A= 0.

F

s
A = 0

e.i. muSaoba SeiZleba iyos dadebiTi, uaryofiTi an nulis toli.
sxeulze modebuli Zalis mier Sesrulebuli muSaoba nulis tolia: rodesac 

sxeulze Zalaa modebuli da gadaadgileba ar sruldeba; Tu gadaadgildeba sxe-
uli da am mimarTulebiT masze Zala ar moqmedebs; aseve,  Tu sxeulze moqmedi 
Zala gadaadgilebis marTobulia.

 simZimis Zalis muSoba

Tu m masis sxeuli raime Hh simaRlidan vardeba dedamiwaze, maSin simZimis Zalis 
mier Sesrulebuli muSaoba gamoiTvleba formuliT:

A = F
s
· h = mgh.

Tu m masis sxeuli moZraobs vertikalurad zeviT, maSin simZimis Zalis mier 
Sesrulebuli muSaoba: A = –mgh, sadac h aris sxeulis asvlis simaRle. aqedan 
gamomdinare, Sekrul wirze simZimis Zalis mier Sesrulebuli muSaoba 0-is tolia.

A = –mgh + mgh =0

 drekadobis Zalis muSoba

dDrekadobis Zalis mier Sesrulebuli muSaoba gamoiTvleba formuliT:

A
kx
2

2

= ,

sadac k aris sxeulis sixiste, x – sxeulis wagrZelebis sidide.

 simZlavre

muSaobis Sesrulebis siswrafes axasiaTeben fizikuri sididiT, romelsac 
uwodeben simZlavres.

fizikur sidides, romelic ganisazRvreba drois raime (t) SualedSi sxeulis 
mier Sesrulebuli muSaobis (A) SefardebiT drois am SualedTan, simZlavre 
ewodeba da aRiniSneba N asoTi.

.N t
A=

SI sistemaSi simZlavris erTeulia 1 vati (SemoklebiT vt). simZlavris erTeuls 
vati, ingliseli mecnieris da gamomgoneblis, jeims uatis pativsacemad ewoda. 
1 vati aris iseTi meqanizmis simZlavre, romelic erT wamSi erT joul muSaobas 
asrulebs.
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Tanabari moZraobisas simZlavre SeiZleba gamoisaxos wevis Zalisa da moZrao-
bis siCqaris namravliT:

N t
A

t
Fs

Fy= = = .

simZlavris erTeulad iyeneben agreTve `cxenis Zalas~ (cZ).

1 cZ = 735 vt.
meqanizmis margi qmedebis koeficientis gamosaTvlelad sasargeblo sim­

Zlavres afardeben meqanizmis srul simZlavresTan da angariSoben procen­
tebiT:

%N
N
N

100
sr

sas $= .

Nsas aris sasargeblo simZlavre, Nsr – sruli simZlavre.
margi qmedebis koeficienti yovelTvis naklebia 100 %-ze.

37. meqanikuri energia
energia aris fizikuri sidide, romelic axasiaTebs sxeulis mier muSaobis 

Sesrulebis unars. meqanikuri energiis raodenobrivi cvlileba gansazRvravs 
sxeulis erTi mdgomareobidan meoreSi gadasvlisas Sesrulebul muSaobas.

 potenciuri energia

meqanikuri energiis erT-erTi saxea potenciuri energia.
energias, romelic ganisazRvreba sxeulebis an sxeulis Semadgeneli 

nawilebis urTierTmdebareobiT potenciuri energia ewodeba.
dedamiwis zedapiridan raime simaRleze atanili sxeulis potenciuri energia 

damokidebulia sxeulis masaze da dedamiwis zedapiridan mis mdebareobaze. igi 
gamoiTvleba formuliT:

E
p 
= mgh.

am energias gravitaciul potenciur energiasac uwodeben. vinaidan energiis 
cvlileba sxeulze moqmedi Zalis mier Sesrulebuli muSaobiT ganisazRvreba, 
amitom energiis erTeulic aris jouli.

potenciuri energiis gamoTvlisas unda gaviTvaliswinoT Nnulovani done, 
romlis mimarTac viTvliT sxeulis potenciur energias. Tu nulovan doned 
miviCnevT dedamiwis zedapirs, maSin raime Hh simaRlidan m masis sxeulis vardnisas 
Sesrulebuli muSaoba toli iqneba sxeulis potenciuri energiebis sxvaobisa 
sawyis da saboloo mdgomareobebs Soris. sawyis mdgomareobaSi sxeulis poten-
ciuri energia aris E1 = mgh, saboloo mdgomareobaSi  E2 = 0. e. i. Sesrulebuli 
muSaoba

A = E1 – E2 = mgh.
raime h simaRlidan sxeulis vardnisas misi potenciuri energia mcirdeba, 

xolo igive simaRleze horizontaluri gadaadgilebisas sxeulis potenciuri 
energia ar icvleba. sxeulis potenciuri energia, rodesac masze simZimis Zala 
moqmedebs, am simZimis Zalis mier sxeulis nulovan doneze gadasaadgileblad 
Sesrulebuli muSaobis tolia.

zogadad, Sesrulebuli muSaoba SeiZleba gamoisaxos saboloo da sawyisi 
potenciuri energiis sxvaobiT anu potenciuri energiis cvlilebiT:

A = – (E2 – E1).
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potenciuri energia gaaCnia hidroeleqtrosadguris kaSxalSi dagubebul 
wyals, SekumSul airsa da orTqls, deformirebul zambaras.

drekadad deformirebuli zambaris potenciuri energia damokidebulia imaze, 
Tu ramdenad didi manZiliT aris daSorebuli zambaris xviebi sawyisi mdebareo-
bidan. misi potenciuri energia gamoiTvleba formuliT:

E
p 
= 2
kx2

,

sadac k zambaris sixistea, x – deformaciis sidide.
deformaciisas dagrovebuli potenciuri energia gamoiTvleba aradeformire-

buli zambaris sawyisi mdgomareobis mimarT, romelic miCneulia nulovan doned.

 kinetikuri energia

yovel sxeuls moZraobisas gaaCnia energia, vinaidan mas SeuZlia Seasrulos 
muSaoba. moZravi sxeulis energias kinetikur energias uwodeben. rac ufro 
metia sxeulis moZraobis siCqare da masa meti kinetikuri energia aqvs sxeuls. 
kinetikuri energia gamoiTvleba formuliT:

 
.E

m
2k

2y=

sxeulis siCqaris Sesacvlelad saWiroa Sesruldes muSaoba, romelic am sxe-
ulis kinetikuri energiis cvlilebis tolia. Sesabamisad Sesrulebuli muSaoba 
iqneba:

A E Ek2 k1= -

moZravi sxeulis kinetikuri energiis cvlileba gviCvenebs ra sididis meqa-
nikuri muSaoba unda Seasrulos sxeulze moqmedma Zalam, rom m masis sxeulis 
siCqare υ0-dan υ-mde Seicvalos. Sesabamisad, Sesrulebuli muSaoba saboloo da 
sawyisi kinetikuri energiebis sxvaobis tolia.

A
m m

E
2 2 .kin

2
0
2

Ty y
= - = .

am debulebas kinetikuri energiis Teoremas uwodeben.

38. energiis mudmivobis kanoni
Ksxeulis kinetikuri da potenciuri energiebis jams sruli meqanikuri 

energia ewodeba.
E = Ekin. + Epot.

sxeulis sruli meqanikuri energia, Tu mis mier xaxunis Zalis daZlevaze ar 
sruldeba muSaoba, mocemuli sxeulisaTvis rCeba mudmivi.

sxeulebis raime simaRlidan dedamiwaze vardnisas maTi potenciuri energia 
mcirdeba, kinetikuri energia izrdeba, xolo sxeulis sruli meqanikuri energia 
ar icvleba – rCeba mudmivi.

es wesi samarTliania roca ar xdeba meqanikuri energiis gardaqmna Sinagan 
energiaSi. xaxunis Zalis moqmedebisas sxeulis meqanikuri energiis nawili am 
sxeulis Sinagan energiad gardaiqmneba.

zogadad, energia arc warmoiqmneba da arc qreba. is erTi saxidan sxva saxis 
energiad gardaiqmneba an erTi sxeulidan meores gadaecema. am debulebas 
energiis mudmivobis kanoni ewodeba.

energiis mudmivobis kanoni samarTliania bunebis yvela movlenisaTvis.
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meqanikuri rxevebi da talRebi

39. harmoniuli rxeva
rxeviTi moZraoba meqanikuri moZraobis erT-erTi 

saxea. moZraobas, rodesac sxeuli wonasworobis mde­
bareobidan xan erT, xan meore mxares gadaadgildeba, 
rxeviTi moZraoba ewodeba (sur. 42).

merxevi sxeulis wonasworobis mdebareobidan udi­
des gadaxras rxevis amplituda ewodeba.

42-e suraTze OB amplitudaa da mas Am asoTi aRniSnaven 
(OB = Am). (sxeulis mcire kuTxiT gadaxrisas qordis da 
rkalis sigrZeebi TiTqmis tolia).

merxevi sxeuli erTi sruli rxevis Sesrulebisas oTxi 
amplitudis tol manZils gadis.

drois Sualeds, romlis ganmavlobaSic sruldeba 
erTi sruli rxeva, rxevis periodi ewodeba.

rxevis periodi aRiniSneba – T asoTi.
periodis erTeuli SI sistemaSi aris 1 wm.
drois erTeulSi Sesrulebul rxevaTa ricxvs rxevis sixSire ewodeba.

t
N=o ,

sadac NN aris t droSi Sesrulebuli rxevaTa ricxvi.
rxevis periodi da sixSire urTierTSebrunebuli sidideebia

T
N
t= ,       1

T=o
.

rxevis sixSiris erTeuli aris herci. 1 herci iseTi rxevis sixSirea, rodesac 
sxeuli 1 wm-Si erT srul rxevas asrulebs.

rxeviTi moZraoba merxev sistemaSi (mag., Zafi da masze dakidebuli sxeuli) 
aRiZvreba Sinagani an garegani Zalis moqmedebiT. rxevas, romelic mxolod Sina-
gani ZalebiT warmoebs Tavisufali rxeva ewodeba. Tavisufali rxeva yovelTvis 
milevadia. Tu davakvirdebiT merxevi sxeulis koordinatis cvlilebas drois 
mixedviT aRmoCndeba, rom mas sinusoidis an kosinusoidis saxe aqvs.

rxeva, romlis koordinatis droze damokidebuleba gamoisaxeba sinusis 
an kosinusis saSualebiT, harmoniuli rxeva ewodeba.

x = Amcos(ωt+φ0),

sadac x – aris sxeulis wanacvleba wonasworuli mdgomareobidan, AAm – rxevis 
amplituda, ω – cikluri sixSire, (rxevaTa ricxvi 2π wamSi), t – dro.

φ = ωt + φ0 – rxevis fazaa.
roca     t = 0,    φ = φ0.         φ0-s uwodeben sawyis fazas.

radgan                                    ω = 
T
2r ,

amitom:                              x = Amcos (
T
2r  · t + φ0).

A
O

B

sur. 42
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41. energiis gardaqmna rxeviTi moZraobisas

40. maTematikuri qanqara. zambariani qanqara
maTematikuri qanqara ewodeba uWimad  da uwonad 

Zafze dakidebul nivTier (materialur) wertils.
maTematikuri qanqara bunebaSi ar arsebobs. misi mode

lia xist, uwono Zafze dakidebuli m masis burTula, 
romlis zoma Zafis sigrZesTan SedarebiT SeiZleba 
ugulebelvyoT (sur. 43). aseT pirobebSi vgulisxmobT, 
rom merxevi sistemis mTeli masa burTulis centrSia 
Tavmoyrili.

maTematikuri qanqaris rxevis periodis gamosaTvleli 
formulaa:

2T
g
,

r= .

sadac l aris qanqaris sigrZe, g Tavisufali vardnis aCqa-
reba.

formula samarTliania qanqaris mcire kuTxiT 
gadaxrisas. maTematikuri qanqaris rxevis periodi mcire 
kuTxiT gadaxrisas ar aris damokidebuli rxevis ampli-
tudaze. maTematikuri qanqaris rxeva Sinagani ZaliTaa 
gamowveuli. am SemTxvevaSi Sinagani Zala aris Zafis 
daWimulobis Zalisa da simZimis Zalis tolqmedi.

zambaraze damagrebul sxeuls zambariani qanqara 
ewodeba (sur. 44). maTematikuri qanqaris anlogiurad 
zambaraze damagrebuli sxeulis rxevis periodi:

T 2 k
m= r ,

sadac k aris zambaris sixiste, m – zambaraze damagre-
buli tvirTis masa. 

sxeulis rxeva ganpirobebulia zambaris SigniT aRZ-
ruli drekadobis Zalis moqmedebiT, anu Sinagani Zalis 
moqmedebiT.

sur. 44

sur. 43

mg
O

l

h

Tu Zafze dakidebul burTulas wonasworobis mdgomareobidan gamoviyvanT 
da gavuSvebT xels, is daiwyebs rxevas erTxel miniWebuli energiis xarjze anu 
Tavisufal rxevas. Tavisufali rxeva milevadi rxevaa. sxeulis Tavisufali 
rxevis sixSire aris sxeulis rxevis sakuTari sixSire.

merxevi sxeulis siCqare traeqtoriis sxvadasxva wertilSi sxvadasxvaa. kerZod, 
wonasworobis mdebareobis gavlisas misi siCqare maqsimaluria, xolo kidura A Ada 

B BwertilebSi (paragrafi 39, sur. 42) nulis tolia. Sesabamisad, merxevi sxeulis 

meqanikuri energia mudmivad icvleba, potenciuri energia 
2W kA 2
m

p =  gardaiqmneba 

kinetikurSi W m
2k

2y=  da piriqiT.
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A da B wertilebSi potenciuri energia maqsimaluria, kinetikuri Wk
 = 0. xolo 

O wertilSi kinetikuri energiaa maqsimaluri, potenciuri ki Wpot
 = 0. amitom 

rxeviTi moZraobisas  kA
W 2sr

m
2

= .
merxev sxeulze xaxunis Zalis moqmedebisas energiis nawili ixarjeba winaaR

mdegobis Zalis daZlevaze da amitom potenciuri energia srulad aRar gar-
daiqmneba kinetikurSi da piriqiT. Sedegad, rxeva TandaTan miileva da garkveuli 
drois Semdeg sxeuli Cerdeba.

42. iZulebiTi rxeva. rezonansi

praqtikaSi gansakuTrebuli mniSvneloba aqvs arami-
levad rxevebs. Aaramilevadi rxevebi warmoebs merxev 
sistemaze gare perioduli Zalis moqmedebiT.

rxevas, romelic warmoebs gare perioduli Zalis 
moqmedebiT, iZulebiTi rxeva ewodeba.

Tu gare Zalis muSaoba dadebiTia, maSin merxevi sis-
tema Rebulobs damatebiT energias da rxeva Zlierdeba 
(amplituda izrdeba). roca muSaoba uaryofiTia, maSin 
piriqiT, rxeva muxruWdeba da igi Sewydeba. Tu saqane-
las uwesrigod ubiZgeben sxvadasxva mimarTulebiT, 
saqanelis gaqaneba SeuZlebeli iqneba. dadebiTi muSaoba 

sruldeba maSin, roca Zala gadaadgilebis mimarTulebiT moqmedebs. Tu saqane-
las gare perioduli Zala ubiZgebs misi moZraobis mimarTulebiT, saqanelis 
gaqaneba gaZlierdeba. TiToeuli ritmuli, perioduli biZgis dros saqanelis 
energiis danakargi xaxunis daZlevaze Seivseba. Mmravali biZgisas miniWebuli 
energia ikribeba da rxevis amplituda mkveTrad izrdeba (sur. 45).

iZulebiT rxevis amplitudis mkveTri zrdis movlenas, roca rxevis 
maiZulebeli Zalis cvlilebis sixSire emTxveva sxeulis rxevis sakuTar 
sixSires, rezonansi ewodeba.

sur. 45

x
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43. meqanikuri talRebi

garemoSi meqanikuri rxevebis gavrcelebisas warmoiqmneba talRa.
rxevis gavrcelebas garemoSi talRa ewodeba.
talRis warmosaqmnelad aucilebelia arsebobdes merxevi sxeuli (rxevis 

wyaro) da drekadi garemo. drekadi garemos (siTxeebi, airebi da myari sxeulebi) 
Semadgeneli nawilakebi erTmaneTTan urTierTqmedeben drekadobis ZalebiT. 
merxevi nawilaki urTierTqmedebs mis mezobel nawilakTan da aiZulebs mas 
daiwyos rxeva. rxeviTi moZraoba TandaTan gadaecema yvela nawilaks da igi 
vrceldeba mTel garemoSi. swored amiT aris gamowveuli talRebis warmoSoba 
wyalSi, zonarSi, zambaraSi da a. S.

talRis gavrcelebisas ar xdeba nivTierebis gadatana – talRas mxolod 
energia gadaaqvs. drois erTeulSi erTeuli ganivkveTis farTobSi talRis mier 
gadatanili energia talRaSi rxevis amplitudis kvadratis proporciulia da 
talRis intensivoba ewodeba. I Am

2+ .
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manZils, romelzedac talRa nawilakis rxevis erTi periodis ganmavlobaSi 
vrceldeba, talRis sigrZe ewodeba da aRiniSneba λ (lambda) asoTi.

talRa garemoSi gansazRvruli siCqariT vrceldeba. periodis tol droSi 
talRa talRis sigrZis tol manZilze vrceldeba. amitom, talRis siCqare tolia 
talRis sigrZis Sefardebisa rxevis periodTan.

υ = T
m  .

aqedan,                                                             υ = λ · v.

sxvadasxva bunebis talRa sxvadasxva siCqariT vrceldeba. talRis siCqare 
damokidebulia agreTve im garemos fizikur Tvisebebze, romelSic is vrceldeba.

44. ganivi da grZivi talRebi

meqanikuri talRebi ZiriTadad ori saxisaa: ganivi da 
grZivi.

talRas, romelSic nawilakebis rxevis mimarTuleba 
talRis gavrcelebis mimarTulebis marTobulia, ganivi 
talRa ewodeba (sur. 46 a).

talRas, romelic vrceldeba nawilakebis rxevis mima-
rTulebiT, grZivi talRa ewodeba (sur. 46 b).

ganivi talRisaTvis talRis sigrZe aris manZili or 
uaxloes Txems (an Rrmuls) Soris. xolo grZivi talRi-
saTvis talRis sigrZea manZili or uaxloes Sesqelebas (an SeTxelebas) Soris.

Gganivi talRa vrceldeba myar garemoSi da Txevadi garemos zedapirze. grZi-
vi talRa vrceldeba myar, Txevad da airad garemoSi. talRebis gavrceleba 
damokidebulia imaze, Tu rogor SeuZliaT nivTierebis Semadgenel nawilakebs 
gaavrcelon masSi aRZruli rxevebi.

a

sur. 46

b

45. bgeriTi talRa

bgera – garemos nawilakebis rxeviTi moZraobaa, romelic vrceldeba grZivi 
meqanikuri talRebis saxiT. bgera vrceldeba airad, Txevad da myar mdgomareoba-
Si myof garemoSi. bgera ar vrceldeba vakuumSi. bgeris sixSire icvleba  
16 hc-dan 20000 hc-mde diapazonSi. adamiani am diapazonis sixSiris rxevebs bgerad 
aRiqvams. bgeriT diapazonis sixSireebze ufro didi an mcire sixSiris rxevebi-
sadmi adamianis yuri mgrZnobiare ar aris. 20000 hc-ze ufro maRali sixSire 
ultrabgerebis diapazons ganekuTvneba. 16 hc-ze mcire sixSire ganekuTvneba 
infrabgerebis diapazons.

bgeris xmamaRloba damokidebulia amplitudaze. bgeris xmamaRloba bgeriT 
talRaSi rxevis amplitudis kvadratis proporciulad izrdeba.
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adamianis yuri yvela sixSiris bgerisadmi Tanabrad mgrZnobiare ar aris, erTi 
da imave intensivobis pirobebSi adamianis smenis maqsimaluri mgrZnobiaroba 
aqvs 1-4 khc sixSiris bgerebisadmi, xolo Zalian dabali sixSiris bgerebisadmi 
smeniTi mgrZnobiaroba orjer da ufro metad naklebia.

bgeris simaRle anu tonaloba damokidebulia rxevis sixSireze. bgeris 
simaRle yovelTvis SesabamisobaSia rxevebis garkveul sixSiresTan. rac ufro 
metia rxevis sixSire, miT ufro maRalia bgeris tonaloba.

bgera mocemul garemoSi garkveuli siCqariT vrceldeba, rasac bgeris siC­
qare ewodeba.

sxvadasxva garemoSi bgeris gavrcelebis siCqare sxvadasxvaa. magaliTad: haer-
Si, oTaxis temperaturaze (20°C) bgeris siCqare aris 343 m/wm (1230 km/sT). sufTa 
wyalSi 20°C temperaturaze bgeris siCqarea 1482 m/wm (5335 km/sT). xolo nawrTob 
foladSi bgeris siCqare foladis xarisxis mixedviT aRwevs 5960 m/wm siCqares 
(21460 km/sT). erTi garemodan meoreSi gadasvlisas talRis sixSire ar icvleba, 
icvleba talRis sigrZe da talRis siCqare.

Tu bgeris amrekli kedeli, an sxva winaaRmdegoba, bgeris gavrcelebis gzaze 
ise Sorsaa moTavsebuli, rom impulsurad bgeris warmoqmnidan areklili bgeris 
ukan dabrunebamde ufro didi dro gadis, vidre 0,1 wm-ia, maSin adamiani bgeris 
wyarodan gavrcelebul bgeras da areklil bgeras erTmaneTisagan gamoyofi-
lad aRiqvams. am movlenas gamoZaxili anu eqo ewodeba. eqos warmoqmnis bgeris 
gavrcelebis gzaze bgeris amrekli dabrkoleba, Tu is bgeris wyarodan 17 metrze 
ufro Sorsaa moTavsebuli. bgeras aireklavs iseTi dabrkoleba, romelic bge
rebs ar STanTqavs da romlis zoma bgeriTi talRis sigrZeze metia. manZili dab-
rkolebamde gamoiTvleba formuliT:

,s
t
2
y=

sadac  υ bgeris siCqarea,  t _ dro, romlis ganmavlobaSi bgera iqiT da aqeT man-
Zilis gavlas andomebs.
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geometriuli optika

46. sinaTlis gavrceleba erTgvarovan garemoSi

sinaTle vrceldeba sinaTlis wyaroebidan. sinaTlis wyaroebi SeiZleba iyos 
bunebrivi da xelovnuri. Bbunebrivi sinaTlis wyaroa: mze, varskvlavebi, cicina-
Tela. xelovnuria: naTura, sanTeli, koconi da sxv. sinaTlis wyarodan sinaTle 
sxivebiT vrceldeba. sinaTlis sxivi aris wiri romlis gaswvriv vrceldeba 
sinaTle. sinaTles gadaaqvs energia.

sinaTlis wyaros uwodeben wertilovans, Tu misi zomebi SeiZleba ugule-
belvyoT obieqtamde manZilTan SedarebiT. magaliTad, nebismieri varskvlavi 
dedamiwasTan SedarebiT aTeul aTasjer meti zomis miuxedavad, SeiZleba miviC-
nioT wertilovan wyarod, radgan manZili, romelzec mis gamosxivebas vixilavT, 
gacilebiT metia varskvlavis zomaze.

sinaTle erTgvarovan garemoSi wrfivad vrceldeba.
sinaTle vakuumSi 300 000 km/wm siCqariT vrceldeba. es yvelaze didi SesaZlo 

siCqarea. haersa da sxva nivTierebebSi sinaTlis siCqare naklebia mis siCqareze 
vakuumSi.

zogierTi sxeuli sinaTles atarebs, zogierTi ki – ara. sxeulebs, romlebic 
sinaTles atarebs, gamWvirvale sxeulebs uwodeben.

aragamWvirvale sxeulis miRma sinaTle ver aRwevs da sinaTlis wrfivi 
gavrcelebis gamo Crdili warmoiqmneba.

sxeulTan SedarebiT gacilebiT mcire zomis sinaTlis wyaro (sinaTlis werti-
lovani wyaro) sxeulis miRma muq Crdils warmoqmnis, romelsac mkacrad gamoyo-
fili sazRvrebi aqvs (sur. 47 a). sxvagvarad aseT Crdils srul Crdils uwodeben. 
sxeulTan SedarebiT didi zomis sinaTlis wyaro sxeulis miRma (ukan)  muqTan 
erTad, mkrTal Crdilsac warmoqmnis. aseT Crdils naxevarCrdili ewodeba 
(sur. 47 b).

sur. 47
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47. sinaTlis arekvla

sinaTle raime sxeulis zedapirze dacemisas `ukuig-
deba~, rogorc raime winaaRmdegobidan anu – airekleba.

areklili sxivi igive garemoSi vrceldeba, romelSic 
daeca sxivi.

kuTxes dacemul sxivsa da dacemis wertilSi aRmar-
Tul marTobs Soris dacemis kuTxe ewodeba (sur. 48).

kuTxes areklil sxivsa da sxivis dacemis wertilSi 
aRmarTul marTobs Soris arekvlis kuTxe ewodeba.

eqsperimentebiT dadginda sinaTlis arekvlis kanonebi: 
sinaTlis dacemis kuTxe arekvlis kuTxis tolia

                                          α = β;

dacemuli sxivi, areklili sxivi da dacemis wertilSi aRmarTuli marTobi 
erT sibrtyeSi mdebareoben;

dacemuli da areklili sxivebi urTierTSeqcevadia.
zedapiri, romelic masze dacemul para-

leluri sxivebis konas paralelurad 
ireklavs aris sarkuli zedapiri (sur. 49). 
sarkulia kargad gaprialebuli, gluvi 
zedapirebi. Tu zedapiri paralelurad 
dacemul sxivebs gabneulad, sxvadasxva 
mimarTulebiT ireklavs (sur. 50), maSin 
aseTi arekvla aris difuzuri da zedapir-
sac difuzurs uwodeben. mqise, aragluvi 
zedapirebi sinaTles difuzurad ireklaven. 
mag., qaRaldis zedapiri sxivebs difuzurad 
ireklavs.

sxeulis danaxva mxolod areklili sxive-
biT SeiZleba. Tu sxeuli masze dacemul 
sinaTles ar ireklavs, maSin misi danaxva 
SeuZlebelia.

48. gamosaxulebis ageba brtyel sarkeSi

brtyel sarkeSi sagnis gamosaxulebis miReba sinaT-
lis sxivebis arekvlis kanoniT aixsneba.

davuSvaT S mnaTi sxeuli (sur. 51) brtyeli sarkidan 
(MNMN) daSorebulia d manZiliT.

S mnaTi wertilidan sinaTle yvela mimarTulebiT 
gamosxivdeba. am sxivebidan avirCioT sami: erTi sarkis 
marTobuli (1) da ori – raime kuTxiT dacemuli (2) da 
(3).sur. 51

dacemis

kuTxe

arekvlis

kuTxe

sur. 48

sur. 49

sur. 50
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arekvlis kanonis Tanaxmad, Tu dacemis kuTxe 0°-is tolia, maSin arekvlis 
kuTxec 0°-ia. e. i. sarkis marTobuli sxivi (1) sawinaaRmdego mimarTulebiT 
airekleba. sxivi 2 da sxivi 3 Sesabamisi α1 da α2 dacemis kuTxis toli kuTxiT 
airekleba. areklili sxivebi ganSladia, amitom Tvali mnaTi S wertilis gamosa
xulebas dainaxavs sarkis ukan (d manZilze) arekvlili sxivebis gagrZelebis 
gadakveTaze – S ' wertilSi. aseT gamosaxulebas warmosaxviTi gamosaxuleba 
ewodeba.

brtyel sarkeSi sagnis gamosaxuleba warmosaxviTia, sagnis zomisaa da sarkidan 
igive manZilzea, ra manZilzec sagania daSorebuli sarkidan. e. i. gamosaxuleba 
sagnis simetriulia, magram ara igivuri. magaliTad, sarkeSi marjvena xelis 
gamosaxuleba aRiqmeba, rogorc marcxena xeli.

49. sinaTlis gardatexa. gardatexis maCvenebeli
Tu gamWvirvale sxeulis zedapirs ecema sinaTle, 

maSin misi nawili airekleba, nawili STainTqmeba, 
nawili ki vrceldeba am gamWvirvale garemoSi da icv-
lis mimarTulebas, e. i. gardatydeba.

sinaTlis sxivis gavrcelebis mimarTulebis cvli-
lebas, rodesac is erTi gamWvirvale garemodan meo-
reSi gadadis, sinaTlis gardatexa ewodeba. kuTxes 
gardatexil sxivsa da ori garemos gamyof zedapirze 
sxivis dacemis wertilSi aRmarTul marTobs Soris 
gardatexis kuTxe ewodeba (sur. 52).

sinaTlis gardatexa garkveul kanonzomierebebs emorCileba.
gamoTvlebiT dadginda, rom dacemis kuTxis sinusis Sefardeba gardatexis 

kuTxis sinusTan mudmivi sididea. magaliTad, haeridan wyalSi gadasvlisas sxivis 
sxvadasxva kuTxiT dacemisas miiReba, rom:

33 42
60 ,

23
30 45 1 3

sin
sin

sin
sin

sin
sin

c
c

c
c

c
c ,= = .

nebismieri ori garemosaTvis es Tanafardoba ase Caiwereba:

.
sin
sin n21c
a
=

sadac α dacemis kuTxea, γ gardatexis kuTxe, xolo n21 mudmivi sididea. mas uwo-
deben meore garemos gardatexis fardobiT maCvenebels pirvelis mimarT. erTi 
garemos sinaTlis gardatexis maCvenebeli meore garemos mimarT ganisazRvreba 
am garemoebSi sinaTlis siCqareTa SefardebiT:

n21 =  ,
υ1
υ2

sadac υ1 aris sinaTlis siCqare optikurad naklebad mkvriv garemoSi, xolo υ2 – 
optikurad metad mkvriv garemoSi.

garemos, romelSic sinaTlis siCqare metia, optikurad naklebad mkvriv gare-
mos uwodeben, magaliTad: haeri optikurad naklebad mkvrivia vidre mina. Tu 
sinaTlis sxivi haeridan minaSi gadadis, maSin dacemis kuTxe gardatexis kuTxeze 
metia, xolo minidan haerSi gadasvlisas ki – piriqiT. dacemis kuTxe naklebia 
gardatexis kuTxeze. ori garemos gamyof zedapirze marTobulad dacemuli 
sxivi meore garemoSi gavrcelebisas ar gardatydeba, ar icvlis mimarTulebas. 
sxvadasxva nivTiereba sinaTlis sxivs sxvadasxvanairad gardatexs.

mina

haeri

gardatexili
sxivi

arekvlili
sxivi

dacemuli
sxivi

sur. 52
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50. sinaTlis dispersia
TeTri sinaTle rTuli sinaTlea. igi erTmaneTisagan gansxvavebuli sigrZisa 

da sixSiris mqone eleqtromagnituri talRebis erTobliobaa. prizmaSi TeTri 
sinaTlis gasvlis Semdeg igi ferad konebad iSleba. TeTri sinaTlis daSlas 
ferad konebad dispersias uwodeben. sxvadasxva feris sinaTle erTi gare-
modan meore garemoSi gadasvlisas sxvadasxva kuTxiT gardatydeba. garemos 
gardatexis maCveneblis sinaTlis talRis sigrZeze damokidebulebis Sedegad 
miiReba sinaTlis dispersia. dispersiis Sedegad miRebul ferTa ganlagebas 
speqtrs uwodeben. cisartyela sinaTlis dispersiis TvalsaCino magaliTia. igi 
warmoiqmneba wvimis Semdeg mzis sxivebis wylis wveTebSi gardatexis Sedegad. 
sinaTlis dispersiisas TeTri feris sinaTle iSleba: wiTel, narinjisfer, 
yviTel, mwvane, cisfer, lurj da iisfer ferebad. TiToeuli feris sinaTle 
martivi sinaTlea, radgan isini sxva sinaTles ar Seicaven. maTSi yvelaze didi 
siCqare aqvs wiTel sinaTles, yvelaze naklebi – iisfers.

minis prizmaSi gavlisas yvelaze didi kuTxiT gardatydeba iisferi sxivebi. 
Yyvelaze naklebi kuTxiT _ wiTeli. speqtris yvela feris SekrebiT miiReba TeTri 
sinaTle, xolo sxvadasxva ferebis SereviT sxvadasxva feris sinaTle. magaliTad: 
lurji da mwvane ferebis SereviT miiReba cisferi, mwvanisa da wiTelis SereviT 
_ yviTeli. wiTeli, mwvane da lurji  ferebis SereviT miiReba TeTri feri, xolo 
wyvil-wyvilad SereviT – speqtris TiTqmis yvela feri. wiTel, mwvane da lurj 
ferebs speqtris ZiriTad ferebs uwodeben.

1621 wels holandielma mecnierma vilebrord sneliusma Camoayaliba sinaTlis 
gardatexis kanoni haeridan wyalSi sxivis gadasvlisaTvis, romelic samarTli-
ania nebismieri ori garemosaTvis.

dacemuli sxivi, gardatexili sxivi da ori garemos gamyofi zedapirisadmi 
sxivis dacemis wertilSi gavlebuli marTobi erT sibrtyeSi mdebareobs.

dacemis kuTxis sinusis Sefardeba gardatexis kuTxis sinusTan mudmivi 
sididea.

rodesac erT-erTi garemo haeria an vakuumi, xolo meore – raime sxva garemo 
(mina, wyali, sxva gamWvirvale nivTiereba), maSin n-s am garemos (minis, wylis da 
sxv.) gardatexis absoluturi maCvenebeli ewodeba.

n
c
y

= .

sadac c sinaTlis siCqarea vakuumSi, xolo υ – sinaTlis siCqare am garemoSi.
gardatexis absoluturi maCvenebeli gviCvenebs ramdenjer naklebia mocemul 

garemoSi sinaTlis siCqare vakuumSi an haerSi sinaTlis siCqaresTan SedarebiT. 
vakuumis n = 1, haerisTvis n ≈ 1; minisTvis – 1,4÷1,6.

Tu n1 da n2 pirveli da meore garemos gardatexis absoluturi maCveneblebia, 
maSin meore garemos gardatexis fardobiTi maCvenebeli pirvelis mimarT iqneba:

n
n
n

21
1

2= .

viciT,   rom   n c
1

1y
= ,    n c

2
2y

= ,  maSin meore garemos gardatexis fardobiTi 

maCvenebeli pirvelis mimarT iqneba:

n21
2

1

y
y

=      anu       .
sin
sin

n
n
1

2

2

1

c
a

y
y= =
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51. linzebi
mrude zedapiriT SemosazRvrul gamWvirvale 

sxeuls linza ewodeba. linza SeiZleba iyos masze dace-
muli sxivebis Semkrebi an gambnevi.

linzas, romlis Sua nawili ufro ganieria, vidre 
kidura nawilebi, amozneqili linza ewodeba. yvela 
amozneqili linza Semkrebia (sur. 53).

linzas, romlis Sua nawili ufro viwroa, vidre kidu-
ra nawilebi, Cazneqili linza ewodeba. yvela Cazneqili 
linza gambnevia (sur. 54).

wrfes, romelic gadis linzis SemomsazRvreli 
sferuli zedapirebis centrebze, linzis mTavari 
optikuri RerZi ewodeba. linzis O optikur centrSi 
gamavali sxivi ar gardatydeba.

wertili, romelSic gardatexis Semdeg ikribeba 
Semkreb linzaze dacemuli mTavari optikuri RerZis 
paralelur sxivTa kona, aris Semkrebi linzis fokusi, 
romelic aRiniSneba F asoTi. linzis fokusi mdebareobs 
mTavar optikur RerZze (sur. 53). F wertilze gamaval 
optikuri RerZis marTobul sibrtyes fokaluri sibrtye ewodeba.

manZils linzidan mis fokusamde fokusuri manZili ewodeba da masac FF asoTi 
aRniSnaven. linzis fokusuri manZilis Sebrunebul sidides linzis optikuri 
Zala ewodeba da aRiniSneba DD asoTi.

optikuri Zalis erTeulia 1 m–1 da mas dioptri (dptr.) ewodeba. 1 dioptri 
iseTi linzis optikuri Zalaa, romlis fokusuri manZili 1 m-ia.

Semkrebi linzis optikuri Zala dadebiTia (D D> 0).
gambnev linzaze dacemuli mTavari optikuri RerZis paraleluri sxivebi 

gardatexis Semdeg ar ikribeba. ikribeba mxolod gardatexili sxivebis gagrZe-
lebebi. isini ikribeba F wertilSi, romelic gambnevi linzis mTavar optikur 
RerZze mdebareobs. es wertili warmosaxviTia da aris gambnevi linzis fokusi 
(sur. 54). gambnevi linzis optikuri Zala uaryofiTia (D D< 0).

sur. 54

sur. 53

52. gamosaxulebis ageba linzaSi

 gamosaxulebis ageba Semkreb linzaSi

Semkreb linzaSi gamosaxulebis ageba SesaZlebelia ori sxivis gamoyenebiT. sxi-
viT (1), romelic mTavari optikuri Rer-
Zis paraleluria da sxiviT (2), romelic 
linzis O centrSi gadis (sur. 55). es 
sxivebi linzaSi gasvlis Semdeg gadai-
kveTeba S' wertilSi, romelic sanTlis S 
wertilis gamosaxulebaa. sanTlis aseTi 
mdebareobisas  (d > 2FF) miiReba sagnis 
(sanTlis) Sebrunebuli, Semcirebuli 
da namdvili gamosaxuleba. sur. 55
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53. Txeli linzis formula
linzas, romlis sisqe 

gacilebiT naklebia 
linzis grZiv zomaze, 
Txeli linza ewodeba.

Txel linzaze Catare
buli cdebis Sedegad 
dadginda, rom gamosa
xulebis zoma da mde-
bareoba damokidebulia 
sagnisa da linzis urT-
ierTganlagebaze (sur. 58).

arsebobs gansazRvru-
li damokidebuleba sam fizikur sidides: F, d da f Soris, saxeldobr, ormxriv
amozneqili linzisaTvis es damokidebuleba gamoisaxeba ase:

F d f
1 1 1= + ;     ormxrivCazneqili linzisaTvis    F d f

1 1 1- -=  ,

sadac F F– linzis fokusuri manZilia, d – manZili sagansa da linzas Soris, xolo 
f – manZili linzasa da gamosaxulebas Soris. formula samarTliania Txeli 
linzisaTvis. am formulebs Txeli linzis formulebs uwodeben.

gamosaxulebis zomis A'B' Sefardebas sagnis AB zomasTan linzis gamadideb
loba ewodeba.

.AB
A B=C l l

   an   .d
f

=C

sagnis linzasTan daaxloebisas gamosaxuleba linzas Sordeba da gamosaxu
lebis zoma izrdeba. xolo rodesac sagani 
moTavsebulia linzasa da fokuss Soris (d < F F), 
maSin sagnis nebismieri wertilidan gamosuli 
sxivi linzaSi gavlis Semdeg ukve aRar Seikri-
beba – miiReba ganSladi sxivTa kona. am SemTxve
vaSi gamosaxuleba ekranze aRar miiReba, radgan 
ganSladi sxivebi ar gadaikveTeba. gadaikveTeba 
mxolod maTi gagrZelebebi. miRebuli gamosa
xuleba iqneba warmosaxviTi, pirdapiri da 
gadidebuli (sur. 56).

  gamosaxulebis ageba gambnev linzaSi

gambnev linzaSi AB sagnis A'B' gamosaxuleba yov-
elTvis warmosaxviTia, pirdapiri da Semcirebuli 
(sur. 57).

gamosaxuleba namdvilia, Tu sxivTa kona opti-
kur sistemaSi gavlis Semdeg uSualod gadaikveTe-
ba raime wertilSi. xolo warmosaxviTia, Tu is 
miiReba ara optikur sistemaSi gasuli sxivebis, 
aramed am sxivebis gagrZelebaTa gadakveTiT.

sur. 58

sur. 56

sur. 57
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54. Tvali, rogorc optikuri sistema

Tvalidan sagnamde minimalur manZils, romelzec sagani mkafiod Cans (Tvalis 
zedmeti daZabvis gareSe), saukeTeso xedvis manZili ewodeba. normaluri mxed-
velobisaTvis is daaxloebiT 25 sm-ia.

TvalSi mTavari optikuri RerZis paraleluri sxivebi baduris erT wertilSi 
ikribeba.

yvela adamians ara aqvs normaluri mxedveloba.
Tu Tvalis brolidan gamosuli sxivebi baduris nacvlad mis win ikribeba (sur. 

59 a), maSin adamiani misgan daSorebul sagnebs mkafiod ver xedavs. mxedvelobis am 
naklovanebas axlomxedveloba hqvia. aseT SemTxvevaSi iyeneben saTvales gambnevi 
linzebiT, romlis optikuri Zala uaryofiTia. gambnevlinzebiani saTvale dace-
mul sxivebs ganabnevs da Sedegad sagnis gamosaxuleba baduraze gadainacvlebs 
(sur. 59 b).

sur. 59

brolis gardamtexi Tvisebis Semcirebisas Tvalis fokusi baduris ukanaa (sur. 
60 a), ris gamoc adamiani cudad xedavs axlo sagnebs, Tumca Sors sakmaod kargad 
xedavs, Tvalis aseT naklovanebas Sorsmxedvelobas uwodeben. am naklovanebis 
gamosworeba xdeba Semkreblinziani saTvaliT, romlis optikuri Zala dadebiTia. 
aseTi saTvalis gamoyenebiT sagnis gamosaxuleba baduraze miiReba (sur. 60 b).

sur. 60
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siTburi movlenebi

55. nivTierebis agebuleba

sxeulebis Tvisebebi damokidebulia im nivTierebebze, romlisganac is Sedgeba. 
nivTierebis Tvisebebis daxasiaTeba SesaZlebelia molekulur-kinetikuri Teo-
riis safuZvelze.  Mmolekulur - kinetikuri Teoriis ZiriTadi debulebebia:

 	yvela nivTiereba Sedgeba nawilakebisagan – molekulebis, atomebis da 
ionebisagan, romlebic kidev ufro mcire elementrul nawilakebs Seicaven;

	 atomebi, molekulebi da ionebi ganuwyvetliv qaosurad moZraoben;
	 nebismieri sxeulis nawilakebs Soris moqmedebs mizidvisa da ganzidvis 
Zalebi.

TiToeuli debuleba emyareba cdis monacemebs an SeiZleba iTqvas, mtkicdeba 
eqsperimentulad. nivTierebis atomebi da molekulebi eleqtrulad neitral-
uri nawilakebia miuxedavad imisa, rom isini Seicaven damuxtul nawilakebs. 
neitralur atomebsa da molekulebSi dadebiTad da uaryofiTad  damuxtuli 
nawilakebi toli raodenobiTaa da isini aneitraleben erTmaneTs. Tu atomSi 
raime mizezis gamo eleqtronebis raodenoba moimatebs an moiklebs, maSin miiReba 
ionebi. Sesabamisad isini an uaryofiTi an dadebiTi ionebi iqnebian. atomebi 
SeerTebisas warmoqmnian molekulebs, romlebsac am nivTierebis damaxasiaTe-
beli qimiuri Tvisebebi aqvT.

	 atomis zoma ganisazRvreba manZiliT birTvis centridan gare savalento 
orbitamde.

	 nivTierebis damaxasiaTebelia agreTve fizikuri sidide: nivTierebis 
raodenoba, romelic gamoiTvleba nivTierebis Semadgeneli struqturuli 
elementebis: molekulebis, atomebis an ionebis ricxviT.

sxeulis Semadgenel nivTierebaSi molekulebis raodenobis dasaTvlelad 
SemoRebulia specialuri sazomi erTeuli – 1 moli.

1 moli nivTiereba Seicavs C12-is izotopis 12 grams. molebSi gamosaxuli v – 
nivTierebis raodenoba tolia mocemul nivTierebaSi Semavali N – molekulebis 
ricxvis Sefardebisa erT mol nivTierebaSi Semaval NA (avogadros ricxvi) mole-
kulebis raodenobasTan.

N
N

A
o =  moli,   

sadac   NA = 6,02 ·1023 moli–1 aris atomebis ricxvi 12 g naxSirbadSi.

SI sistemaSi nivTierebis  raodenobis erTeulia 1 moli.

nivTierebis moluri masa M dakavSirebulia erTi molekulis m0 masasTan for-
muliT: M = m0 NA.

sxeulSi molebiT gamosaxuli nivTierebis raodenoba

 
M
m

o = ,

sadac m nivTierebis masaa, M am nivTierebis moluri masa.

molekulebis raodenoba gamoiTvleba formuliT:

 N N
M
m
NA Ao= = .
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56. brounis moZraoba

brounis moZraobas uwodeben siTxeSi an haerSi Setivtivebuli nawilakebis 
ganuwyvetel qaosur moZraobas.

mravalwliani gamokvlevebis Sedegad mecnierebma daaskvnes, rom Setiv-
tivebuli nawilakebis aseTi moZraoba gamowveulia siTxis Semadgeneli mole-
kulebis qaosuri moZraobis gamo Setivtivebul nawilakTan yoveli mxridan maTi 
dajaxebisa da masze impulsis gadacemis gamo. Setivtivebul nawilakebs brounis 
nawilakebs uwodeben. brounis nawilakebi aseTi dajaxebebis Sedegad TviTonac 
qaosurad moZraoben. Mmolekulebisa da atomebis ganuwyvetel qaosur moZraobas 
siTbur moZraobas uwodeben.

57. difuzia

molekulur-kinetikuri Teoriis ZiriTadi debulebebis Tanaxmad nivTiereba 
Sedgeba atomebisa da molekulebis Zalian didi ricxvisagan, Mmagram isini uwyve-
tad ki ar arian ganlagebuli erTmaneTTan, aramed maT Soris aris carieli 
sivrceebi. Aamitom roca ori sxvadasxva nivTiereba uSualod exeba erTmaneTs, 
umravles SemTxvevaSi erTi nivTierebis Semadgeneli nawilakebi Sedian meore 
nivTierebis Semadgenel nawilakebs Soris arsebul sivrceSi da piriqiT. Mmaga
liTad, wyali feraddeba masSi saRebavis moTavsebisas.E es faqti adasturebs, 
rom nivTierebis Semadgeneli nawilakebi ganuwyvetliv da qaosurad moZraoben.

nivTierebebis Semadgeneli nawilakebis urTierTSerevis movlenas difu­
zia ewodeba.

Ddifuzia mimdinareobs rogorc airad, ise myar da Txevad nivTierebebSi. cdebma 
da dakvirvebebma aCvena, rom difuziis siCqare damokidebulia temperturaze, 
agregatul mdgomareobaze da TviT nivTierebis gvarobaze. Ddifuziis siCqaris 
damokidebuleba temperaturaze adasturebs, rom difuzia nawilakebis moZrao-
bis Sedegia.

58. molekulebis urTierTqmedeba

Nnebismieri nivTierebis molekulebs Soris erTdroulad moqmedebs mizid­
visa da ganzidvis Zalebi (molekulebs Soris urTierTqmedebis Zalebi). 
Mmyari da Txevadi sxeulebis arseboba dakavSirebulia molekulebs Soris urT-
ierTqmedebis ZalebTan. Ees Zalebi rom ar arsebobdnen arc myari da arc Txevadi 
sxeulebi iarsebebdnen. is faqti, rom myari da Txevadi sxeulebis SekumSva Znelia, 
gamowveulia molekulebs Soris urTierTqmedebis arsebobiT. Tu nivTierebis 
ori molekula daSordeba erTmaneTs manZilze, romelic aRemateba maT Soris 
arsebul manZils wonasworobis mdgomareobaSi, maSin aRiZvreba urTierTmizid-
vis Zala da daabrunebs  maT wonasworul mdgomareobaSi. Tu isini erTmaneTs 
dauaxlovdebian iseT manZilze, romelic naklebia wonasworobis mdgomareobaSi 
maT Soris manZilze, maSin aRiZvreba urTierTganzidvis Zala, romelic isev Dda
abrunebs maT wonasworobis mdgomareobaSi. Aamitom myari da Txevadi sxeulebis 
moculobis Secvla Znelia.
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59. Aairadi, Txevadi da myari agregatuli mdgomareobebi

nivTierebebi SeiZleba iyvnen sxvadasxva mdgomareobaSi. Mmag.: airad, Txevad 
da myar mdgomareobaSi. Ees nivTierebis agregatuli mdgomareobebia. Mmole-
kulebis siTburi moZraobis xasiaTi da maT Soris urTierTqmedeba damokidebu-
lia nivTierebis agregatul mdgomareobaze.

airSi molekulebs Soris urTierTqmedebis Zalas ar SeuZlia maTi Sekaveba erT-
maneTTan Zalian axlos. Aamitom isini ifantebian sxvadasxva mxares da mTlianad 
ikaveben im moculobas, romelSic isini imyofebian. airebs ara aqvT garkveuli 
forma da moculoba. isini advilad ikumSebian gareSe zemoqmedebis Sedegad.

Mmyar mdgomareobaSi nivTierebebs aqvT garkveuli forma da moculoba. 
isini Znelad icvlian mas. Ees gamowveulia molekulebs Soris Zlieri urTierTq-
medebis Zalebis moqmedebiT. Mmolekulebi myar sxeulSi TavianTi wonasworuli 
mdebareobis maxloblad ganuwyvetliv irxevian, magram ar wydebian am wonaswo
ruli mdebareobidan, ar gadainacvleben, Tu maTze raime zemoqmedebas ar awar-
moebs gareSe Zala. Mmyar mdgomareobaSi nivTierebis umravlesobis molekulebi 
ganlagebuli arian periodulad da qmnian garkveuli konfiguraciis sivrcul 
mesers. aseTi meserebi qmnian e. w. `Sor wesrigs~, anu molekulebis mowesrigebuli 
ganlageba meordeba aseuli, aTaseuli da ramodenime aTasi ujredis Semdegac. 
maT kristaluri myari sxeulebi ewodeba. myar sxeulebs, romlebSic molekulebi 
aseTi wesrigiT ar arian ganlagebuli, amorful sxeulebs uwodeben. amorful 
sxeulebSi molekulebi qmnian `axlo wesrigs~.

siTxes aqvs garkveuli moculoba, magram formas ver inarCunebs. siTxeebi 
im WurWlis formas iReben, romelSic arian moTavsebuli. siTxis molekulebi  
`axlo wesrigiT~ arian ganlagebuli.  mezoblad myofi molekulebi erTmaneTTan 
urTierTqmedeben garkveuli drois ganmavlobaSi. Ddrois am Sualeds `binadari 
dro~ ewodeba.  Mmolekulebi qaosurad irxevian garkveuli wonasworuli mde-
bareobis maxloblad binadari drois ganmavlobaSi, Semdeg isini gadainacvle-
ben mezobeli molekulebis adgilas. Mmezobeli molekulebi adgilebs ucvlian 
erTmaneTs. Aamitom siTxeebs axasiaTebT denadoba, isini ar ewinaaRmdegebian 
formis cvlilebas, Tumca maTi SekumSva Znelia. amitom siTxeebi inarCuneben 
moculobas. 

Mmyar mdgomareobaSi nivTierebis Tvisebebi yvela mimarTulebiT erTnairi ar 
aris, e. i. anizotropulia. Txevad mdgomareobaSi maTi Tvisebebi yvela mimar-
TulebiT erTnairia. siTxeebi izotropulia.

60. Atemperatura. absoluturi temperatura

 temperatura

nivTierebis Semadgeneli nawilakebis qaosuri moZraoba anu siTburi moZraoba 
ganapirobebs sxeulis temperaturas.

rac ufro intensiuria nawilakebis qaosuri moZraoba, miT metia sxeulis tem-
peratura. temperatura sxeulis an sxeulTa sistemis siTburi wonasworobis 
mdgomareobis maxasiaTebeli sididea. siTburi wonasworobisas sistemis yvela 
nawilSi temperaturas aqvs erTi da igive mniSvneloba.
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sxvadasxva temperaturis sxeulebis Sexebisas siTbo maRali temperaturis 
sxeulidan dabali temperaturis sxeuls gadaecema. piriqiT ki arasodes xdeba.

eqsperimentebiTa da gamoTvlebiT daadgines, rom temperatura proporciulia 
molekulebis saSualo kinetikuri energiisa. molekulis saSualo kinetikuri 
energia gamoisaxeba formuliT:

E kT
2
3= ,   sadac   k = 1,38 ·10-23 j/K.

k-s ewodeba bolcmanis mudmiva, T-s – absoluturi temperatura.

 absoluturi temperatura

airSi wneva gamowveulia nawilakebis dajaxebiT WurWlis kedlebTan. rac 
ufro didia nawilakebis moZraobis siCqare, miT metia dajaxebebi, aseve WurWlis 
kedlebze gadacemuli impulsi da Sesabamisad airis wneva. Nnawilakebis intensiuri 
moZraoba sxeulis temperaturas zrdis. rac ufro metia nawilakebis raodenoba, 
miT metia maT mier warmoebuli wneva. Ddaadgines, rom airis wnevis Sefardeba 
nawilakebis koncentraciasTan proporciulia airis temperaturis:

n
p
kT= .

am formuliT gamoTvlili temperatura dade
biTia, radgan formulaSi Semavali yvela sidide 
dadebiTia. ase gansazRvrul temperaturas abso­
luturi temperatura uwodes. A absoluturi nuli 
iseTi temperaturaa, rodesac wneva nulis toli 
xdeba. aseTi mdgomareoba Seesabameba situacias, 
rodesac nawilaki minimum erTia da arafers ejaxeba. 
Aamitom absoluturi nuli bunebaSi praqtikulad 
miuRweveli temperaturaa.

ingliselma mecnierma kelvinma Semoitana abso-
luturi temperaturis skala. am skalaze aTvlili 
temperatura izomeba kelvinebiT (sur. 60).

erTi gradusi kelvinis skalaze tolia erTi gra-
dusisa celsiusis skalaze. am skalaze temperatura 
aiTvleba nuli gradusi kelvinidan (0K). 

kelvinis skalaze nul gradus temperaturas (0K) 
celsiusis skalaze Seesabameba –273,15°С.

kelvinis skalaze aTvlil temperaturasa (T) da 
celsiusis skaliT aTvlil temperaturas (t) Soris kavSiri gamoisaxeba formu-
liT:

                                                          t = T – 273.                  
aqedan,                                          T = t + 273.

SI sistemaSi temperaturis erTeulia 1K (kelvini).

sur. 60
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62. idealuri airis mdgomareobis gantoleba

idealuri airis wneva misi molekulebis saSualo kinetikur energiasTan daka-
vSirebulia damokidebulebiT, romelsac airis mdgomareobis gantolebas uwo-
deben. igi gamoisaxeba formuliT:

. , ,sadacp nE E m
3
2

2
1

0
2y= =

m0 aris molekulis masa, 2y  – molekulis siCqaris kvadratis saSualo mniSvneloba. 

n
V
N=  aris molekulebis koncentracia, rac niSnavs moculobis erTeulSi 

molekulebis raodenobas.
,p nm3

1
3
1

0
2 2y ty= =

sadac ρ  airis simkvrivea.
idealuri airis wneva temperaturasTan dakavSirebulia Semdegi formuliT:

n
p
kT=  ,      aqedan       p = nkT.

 klapeiron-mendeleevis gantoleba

formulaSi: p = nkT,    CavsvaT n
V
N=  .   maSin:       p

V
N
kT= .

vinaidan N
M
m
NA= ,  miviRebT:       p

VM
m
N kTA=

NAk = R = 8,31 j/mol K.

R-s airis universalur mudmivas uwodeben.
idealuri airis mdgomareobis gantoleba miiRebs Semdeg saxes:

pV
M
m
RT= ,

am gantolebas klapeiron-mendeleevis gantolebas uwodeben. igi samarTli-
ania nebismieri masis idealuri airisaTvis.

61. idealuri airi

airs, romlis molekulebs Soris urTierTqmedeba mxedvelobaSi ar miiReba 
idealuri airi ewodeba. idealuri airi realuri airis modelia.

aseT airSi molekulebs Soris manZili gacilebiT metia maT zomebTan Sedar-
ebiT da molekulebi mxolod dajaxebisas urTierTqmedeben Zalian mcire drois 
ganmavlobaSi. idealuri airia gauxSoebuli airi (WurWelSi amotumbvis Semdeg 
darCenili airi).

airi sxvadasxva mdgomareobaSi SeiZleba imyofebodes. ese igi, man SeiZleba 
daikavos sxvadasxva moculoba, hqondes sxvadasxva wneva. am sidideebTan erTad 
airs axasiaTeben agreTve temperaturiT.

amrigad, airis mdgomareoba SeiZleba davaxasiaTod moculobiT – V, wne- 
viT – p, temperaturiT – T. am sidideebs Termodinamikuri parametrebi ewodeba. 
airis mdgomareobis Secvlisas icvleba misi maxasiaTebeli Termodinamikuri 
parametrebi.

Tu sxeulebs erTnairi temperatura aqvT, maSin maT Soris siTbocvla ar xdeba.
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63. idealuri airis kanonebi

idealuri airis mdgomareobis gantoleba erTmaneTTan akavSirebs mocemuli 
masis idealuri airis mdgomareobis maxasiaTebel Termodinamikur parametrebs:  
p – wnevas, V – moculobas da T – absolutur temperaturas. klapeiron-mendelee-
vis gantoleba SeiZleba Caiweros ase:

.
T
pV

M
m
R=

mocemuli masis airisaTvis gantolebis marjvena mxare mudmivi sididea. e. i.

.
T
pV

const= ,

anu					          .
T
p V

T
p V

1

1 1

2

2 2
=

mocemul gantolebas uwodeben klapeironis gantolebas.
sxeulTa sistemis mdgomareobis cvlilebas, rodesac misi maxasiaTebeli 

Termodinamikuri parametrebi icvleba Termodinamikuri procesi ewodeba.
process, rodesac erT-erTi Termodinamikuri parametri mudmivia da sxva 

parametrebi icvleba izoprocesi ewodeba.

  boil-mariotis kanoni

Termodinamikuri sistemis mdgomareobis cvlilebis process mudmivi tem-
peraturis pirobebSi izoTermuli procesi ewodeba.

ingliselma mecnierma boilma da misgan damoukideblad frangma fizikosma 
mariotma Seiswavles kavSiri idealuri airis wnevasa da moculobas Soris mud-
mivi temperaturis pirobebSi. isini mividnen daskvnamde, rom:

mudmivi temperaturis pirobebSi mocemuli masis airis wnevisa da mocu­
lobis namravli mudmivi sididea:

p1V1 = p2V2 .
es toloba samarTliania hermetulad daxurul WurWelSi moTavsebuli ide-

aluri airis wnevis iseTi neli cvlilebisas, rodesac airis moculoba icvleba 
temperaturis Secvlis gareSe, anu:

roca  m = const,    T = const, 

maSin                                                          pV = const.					     (1)

eqsperimentiT dadgenil am kanons ewodeba boil-mariotis kanoni.
siTxeebisaTvis boil-mariotis kanoni ar aris samarTliani.
boil-mariotis kanoni gamomdinareobs idealuri airis mdgomareobis gan-

tolebidanac. idealuri airis mdgomareobis gantolebis Tanaxmad:

pV = 
M
m RT.                                       

roca    m = const  da  T = const,   

maSin                                                     pV = const                                                        
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mudmivi temperaturis pirobebSi airis wnevis damo
kidebuleba moculobaze grafikulad gamoisaxeba 
mrudiT, romelsac izoTerma ewodeba (sur. 61 a). airis 
izoTerma gamosaxavs ukuproporciul damokidebulebas 
wnevasa da moculobas Soris. suraTi 61 b da g gamosaxavs 
izoTermebs V,T da p,T koordinatebSi.

TiToeul gansxvavebul temperaturas Tavisi izoTer-
ma Seesabameba.

ufro maRali T2 temperaturis Sesabamisi izoTerma 
dabali T1 temperaturis Sesabamis izoTermaze maRla 
mdebareobs.

  gei-lusakis kanoni

Termodinamikuri sistemis mdgomareobis cvlilebis 
process mudmivi wnevis dros izobaruli procesi 
ewodeba. gei-liusakma Seiswavla mudmivi wnevis pirobeb-
Si mocemuli masis idealuri airis moculobis damok-
idebuleba temperaturaze.

Tu wneva ar icvleba, maSin airis ori mdgomareobisaT-

vis gveqneba: pV1 = 
m

M  RT1      da  pV2 = 
m

M  RT2 . am formule

bis erTmaneTze gayofiT miviRebT:

V1

V2
 = 

T1

T2
.                   (1)

mocemuli masis airis moculobaTa Sefardeba mud­
mivi wnevis dros misi absoluturi temperturebis 
Sefardebis tolia.

Tu airis pirvel mdgomareobad avirCevT normalur pirobebs (p0 – normaluri 
atmosferuli wneva, T0 = 273 K. – yinulis dnobis temperatura, V0 – moculoba am 
pirobebSi), meore mdgomareobaSi sidideebs aRvniSnavT V da T-Ti, maSin (1)-dan 
miviRebT:

V
V

T
T

0 0

= .       

aqedan,                                                               V
T
V T

0

0= ,	     (2)

aRvniSnoT:    ,
T

K
1

273
1

0

1a = = -  maSin (2)-dan miviRebT:

                                          V = V0αT = V0(1 + αt).                            (3)

α koeficients airis moculobiTi gafarToebis temperaturuli koeficienti 
ewodeba. (3)-dan Cans, rom temperaturis erTi gradusiT gazrdisas yvela airis 
moculoba izrdeba im moculobis 1/273 nawiliT, romelic airs hqonda 273K 
temperaturaze.

mudmivi wnevis dros mocemuli airis moculoba absoluturi temperaturis 
pirdapirproporciulia. am mtkicebas gei-lusakis kanoni ewodeba.

mudmivi wnevis pirobebSi airis moculobis damokidebuleba temperaturaze 
grafikulad wrfiT gamoisaxeba, romelsac izobaras uwodeben. sxvadasxva wnevas 
sxvadasxva izobara Seesabameba (sur. 62 a).

T1 < T2

V

T2

T1

p a

T

V

p2p1

p1 < p2

b

V1 < V2

p

T

V2V1

g

sur. 61
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T1 < T2

V

p

T2

T1

b

V1 < V2

g

T

p

V2

V1

T

V

p2

p1
p1 < p2

a

sur. 42

sur. 62 b da g gamosaxuli grafikebi Seesabameba izobarebs P, V da P, T koor-
dinatebSi.

  Sarlis kanoni

Termodinamikuri sistemis mdgomareobis cvlilebis process mudmivi mocu-
lobisas izoqoruli procesi ewodeba.

idealuri airis mdgomareobis gantolebis Tanaxmad aseT pirobebSi airis 

ori mdgomareobisaTvis gveqneba: p1V =M
m RT1  da  p2V = M

m RT2. am Tanafardobebis 

erTmaneTze gayofiT miviRebT:

                                                           T
T

p
p1

2

1

2

= .                                                   (1)

airis es kanoni 1787 wels eqsperimentalurad daadgina frangma fizikosma J. 
Sarlma, romelsac Sarlis kanons uwodeben: mudmivi moculobis dros erTi da 
imave masis airis wneva absoluturi temperaturis pirdapirproporciulia.

mudmivi moculobis pirobebSi airis wnevis damokidebuleba temperaturaze 
grafikulad gamoisaxeba wrfiT, romelsac izoqoras uwodeben. sxvadasxva 
moculobas sxvadasxva izoqora Seesabameba (sur. 63 a).

sur. 63 b da g gamosaxuli grafikebi Seesabameba izoqorebs P, T da V, T koor-
dinatebSi.

T

P

V2

V1
V1 < V2

a

T2T1

T

P

T1 < T2

b

p1 < p2

g

T

V

p2

p1

sur. 63

dabali temperaturis areSi idealuri airis izobarebi da izoqorebi ikveT-
ebian T = 0 wertilSi. Zlieri gacivebisas yvela airi siTxed iqceva, siTxisaTvis 
ki idealuri airis mdgomareobis gantoleba ar aris samarTliani.

idealuri airis izoqorebi gviCvenebs (sur. 63 a), rom wneva absolutur nulze 
savsebiT ispoba. wneva ganpirobebulia molekulebis dajaxebebiT WurWlis 
kedlebze. molekulebis qaosuri siTburi moZraoba ar SeiZleba Sewydes gar-
egani zemoqmedebiT, amitom absoluturi nuli aris temperaturis miuRweveli 
zRvari, romelsac SeiZleba ragind axlos mivuaxlovdeT.

Zalian dabali temperaturebis dros idealuri airis modeli aRar gamodgeba 
nivTierebaSi mimdinare procesebis aRsawerad, amitom izobarebis da izoqore-
bis im nawils, romelic aseT dabal temperaturebs Seesatyviseba, gamoxataven 
punqtiriT.
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64. Sinagani energia da misi Secvlis xerxebi

sxeulis Semadgeneli yvela nawilakis potenciuri da kinetikuri energiebis 
jams Sinagani energia ewodeba. Sinagani energia damokidebulia sxeulis 
Semadgenel nawilakebsa da maT ricxvze, agreTve maTi moZraobis siCqareze. 
rac ufro metia nawilakebis moZraobis siCqare, da Sesabamisad, maTi kinetikuri 
energia, miT metia sxeulis temperatura da piriqiT.

Sinagani energia damokidebulia agreTve, nivTierebis agregatul mdgoma
reobaze. sxvadasxva agregatul mdgomareobaSi nivTierebis molekulebi 
sxvadasxva manZilze imyofebian erTmaneTisagan. Aanu sxadasxvaa maTi urTi
erTqmedebis energia, potenciuri energia. sxvadasxva agregatul mdgomareo-
baSi nawilakebis potenciuri energiebis gansxvaveba ganapirobebs maTi Sinagani 
energiebis gansxvavebas. Aamrigad, nivTierebas airovan mdgomareobaSi ufro 
meti Sinagani energia aqvs, vidre myar an Txevad mdgomareobaSi. erTatomiani 
idealuri airis Sinagani energia

U
M
m
RT

2
3= .

Sinagani energiis Secvlis ori gza arsebobs: Tbogadacema da muSaobis Ses-
ruleba.

 Tbogadacemis saxeebi

arsebobs Tbogadacemis sami saxe: Tbogamtaroba, konveqcia da gamosxiveba.
Sinagani energiis gadacemis movlenas sxeulis erTi nawilidan meoreze an 

uSualo Sexebisas erTi sxeulidan meoreze Tbogamtaroba ewodeba.
magaliTad, Tu cxeli wyliT savse WiqaSi liTonis kovzs movaTavsebT misi 

haerSi myofi nawilic gacxeldeba. liTonebi siTbos kargi gamtarebi arian.
TbogamtarobiT siTbos gadacemisas siTburi energia nivTierebis Semadgeneli 

nawilakebis urTierTqmedebis Sedegad gadaecema sxeulis erTi nawilidan meo-
res. TbogamtarobiT TviT nivTierebis gadatana ar xdeba.M

nivTiereba, romelic siTbos cudad atarebs, Tboizolatoria.
Mmag., xe, mina, plastmasi, haeri, vakuumi.
siTxesa da airSi nivTierebis nakadiT energiis gadacemas konveqcia ewodeba.
Kkonveqciisas energia gadaaqvs siTxis an airis fenebs, romlebic nivTierebis 

araTanabari gaTbobis gamo moZraoben. Kkonveqciisas xdeba nivTierebis gadatana.
bunebaSi konveqciis magaliTebia qari da zRvis dinebebi.
mzesa da dedamiwas Soris uzarmazari uhaero sivrcea. amitom siTbos gadacema 

mzidan dedamiwamde verc konveqciiT ganxorcieldeba da verc – TbogamtarobiT. 
siTbocvla dedamiwasa da mzes Soris gamosxivebiT xdeba.

gamosxivebiT nivTierebis gadatana ar xdeba. mxolod energia gadaecema 
erTi sxeulidan meores.

sxeuli sxivebs STanTqavs, ris Sedegadac misi Sinagani energia izrdeba.
siTbur energias yvela sxeuli asxivebs. amasTan dadgenilia, rom muqi feris 

sxeuli met energias STanTqavs da gamoasxivebs, vidre Ria feris sxeuli.
gamosxivebis energia damokidebulia sxeulis temperaturaze. rac metia sxeu-

lis temperatura, miT met energias gamoasxivebs igi.
Aamrigad: myar sxeulebSi siTbos gadacema xdeba TbogamtarobiT; siTxeebSi 

metwilad konveqciiT, umniSvnelod TbogadacemiT; airebSi siTbos gadacema 
xdeba konveqciiT. gamosxivebiT siTbos gadacema xdeba yovelgvar garemoSi 
vakuumis CaTvliT. Ggamosxivebuli energiis STanTqmiT xdeba sxeulebis gaTboba. 
Tu garemoSi gamosxivebis STanmTqmeli ar aris garemo ar gaTbeba.
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65. siTbos raodenoba

sxeulis Sinagani energiis cvlileba xasiaTdeba fizikuri sididiT, romelsac 
siTbos raodenobas uwodeben. siTbos raodenoba aRiniSneba QQ asoTi. siTbos 
raodenoba aris energia, romelsac sxeuli iRebs an kargavs Tbogadacemisas. 
radgan siTbos raodenoba aris energia, amitom misi sazomi erTeuli SI siste­
maSi aris 1 jouli (j).

siTbos raodenobas, romelic saWiroa 1 kg masis nivTierebis 1°-iT gasaTbobad, 
nivTierebis kuTri siTbotevadoba ewodeba da c asoTi aRiniSneba.

Q
( )c m t t2 1

= -
 .  

kuTri siTbotevadobis erTeulia:    
kg•grad

   NAN  an     
kg K

 .

kuTri siTbotevadoba mocemuli nivTierebisaTvis mudmivi sididea.
amgvarad, sxeulis gasaTbobad saWiro siTbos raodenoba gamoiTvleba for-

muliT:
Q = cm (t2 – t1),

sadac c – nivTierebis kuTri siTbotevadobaa, m – sxeulis masa, t1 – sxeulis 
sawyisi temperatura, t2 – sxeulis saboloo temperatura.  

sxeulis gacivebisas gamoyofili siTbos raodenoba

Q = –cm(t2
 – t1).

 `_~ niSani miuTiTebs imaze, rom temperaturis cvlileba uaryofiTia.
 cm = C  uwodeben sxeulis siTbotevadobas. 
sxeulis siTbotevadobis erTeulia 1j/k.

66. sawvavis wvis kuTri siTbo

nivTierebis wva qimiuri procesia, romelic siTbos gamoyofiTY mimdinareobs.
1 kg masis saTbobis wvisas gamoyofil siTbos raodenobas wvis kuTri siTbo 

ewodeba da aRiniSneba q asoTi.
saTbobis wvis kuTri siTbo aris fizikuri sidide, romelic tolia saTbobis 

mTlianad dawvisas gamoyofili siTbos raodenobis Sefardebisa saTbobis 
masasTan:

Q
q m= .

erTi da imave saTbobis wvisas rac ufro metia misi masa, miT meti siTbo gamoi-
yofa. amrigad, m masis saTbobis sruli wvisas gamoyofili siTbos raodenoba

Q qm= ,

sadac QQ saTbobis wvisas gamoyofili siTbos raodenobaa, m – saTbobis masa, xolo 
q – wvis kuTri siTbo. SI sistemaSi wvis kuTri siTbos erTeulia – j/kg.
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67. muSaoba TermodinamikaSi

Termodinamika fizikis nawilia, romelic Seiswavlis 
energiis gadasvlas erTi sxeulidan meoreSi siTbos 
gadacemiT an muSaobis SesrulebiT. energiis cvlileba 
gansazRvravs Sesrulebuli muSaobis sidides.

idealuri airis mier makroskopiuli muSaobis Ses-
ruleba ganvixiloT Semdegi warmosaxviTi cdis safuZ-
velze. davuSvaT, cilindrSi moTavsebulia idealuri 
airi, romelsac S farTobis uwonadi dguSi gamoyofs 
atmosferosgan (sur. 64). Tu p atmosferuli wnevaa, 
maSin, uwonadi dguSis qveS wonasworobis pirobebSi ide-

aluri airis wnevac p-s tolia. Tu dguSis qveviT cilindrSi moTavsebul idealur 
airs gavaTbobT, misi temperatura moimatebs. idealuri airis molekulebi ufro 
intensiurad daejaxebian dguSs qvevidan, vidre ejaxeba atmosferos molekulebi 
dguSs zevidan. wonasworoba dairRveva da dguSi zeviT gadaadgildeba. dguSis 
zeviT gadaadgilebisas, cilindrSi moTavsebuli idealuri airi ise farTovdeba, 
rom misi wneva SesamCnevad ver aswrebs momatebas. am SemTxvevaSi idealuri airis 
gafarToeba mudmivi wnevis pirobebSi, anu izobarulad mimdinareobs. idealuri 
airis gafarToebisas dguSze moqmedebs F = pS Zala. es Zala asrulebs muSaobas, 
radgan am Zalis moqmedebiT dguSi gadaadgildeba ∆h = h2 – h1 manZilze. idealuri 
airis izobaruli gafarToebis dros Sesrulebuli muSaoba iqneba:

A = F∆h = pS∆h = pS (h2 – h1).
magram 	                               S (h2 – h1) = Sh2 – Sh1 =V2 – V1 = ∆V,

amitom,	                                           A = pS (h2 – h1) = p∆V.				    (1)

roca airi farTovdeba, ∆V > 0. am dros idealuri airi asrulebs 
dadebiT muSaobas, A > 0. roca gareSe Zala moqmedebs dguSze da kum-
Savs airs, ∆V < 0, maSin airis mier Sesrulebuli muSaoba uaryofiTia,  
A < 0. gare Zalis mier Sesrulebuli muSaoba A′ dadebiTia.  A′ = –A.

 muSaobis geometriuli ganmarteba

65-e suraTze gamosaxulia airis wnevis moculobaze 
damokidebulebis grafiki. abcd marTkuTxedis farTobi, 
romelic SemosazRvrulia p1= const grafikiT, V RerZiT, 
sawyisi V1 da saboloo V2 moculobebis Sesabamisi ordi-
natebiT ricxobrivad Sesrulebuli muSaobis tolia: 

A = P1 (V2 – V1) = Sabcd .

∆h

h1

h2

sur. 64

a
0 V1

p1

p

cb

V c2 V
d

sur. 65
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69. Termodinamikis I kanonis gamoyeneba izoprocesebSi

Termodinamikis pirveli kanonis saSualebiT SegviZlia mniSvnelovani daskvnebi 
gamovitanoT sxvadasxva procesebis, magaliTad, izoprocesebis xasiaTis Sesaxeb. 
yvelaze martivia SemTxveva, rodesac sistema warmoadgens idealur airs.

 izoqoruli procesi

izoqoruli procesis dros moculoba ar icvleba da amitom airis muSaoba 
nulis tolia A = p∆V = 0. maSin formulidan: ∆U = A + Q gamomdinareobs, rom 
aseT pirobebSi:

	 ∆U = Q. 					     (1)

e. i. sistemis energiis cvlileba izoqoruli procesis dros tolia gacemuli 
an miRebuli siTbos raodenobisa.

Tu airi Tbeba, Q > 0 da ∆U > 0, maSin misi Sinagani energia izrdeba.  
airis gacivebis dros Q < 0 da  ∆U = U2 – U1 < 0 , Sinagani energiis cvlileba uar
yofiTia e. i. airis Sinagani energia mcirdeba.

 izoTermuli procesi

izoTermuli procesis dros idealuri airis Sinagani energia, cxadia, ar icv-
leba, radganac Sinagani energia icvleba mxolod temperaturis cvlilebiT. 
maSin Q = ∆U + ASida formulis Tanaxmad gveqneba:

					     ∆U = 0   da   Q = ASida.			   (2)

e. i. izoTermuli procesis dros sistemisaTvis gadacemuli mTeli siTbos 
raodenoba xmardeba Sida Zalebis mier muSaobis Sesrulebas.

Tu airi siTbos Rebulobs (Q > 0), maSin is asrulebs dadebiT muSaobas  
ASida > 0. Tu, piriqiT, airi siTbos gadascems garemos, maSin ASida < 0. am SemTxvevaSi 
gare Zalebis mier Sesrulebuli muSaoba dadebiTia (Agare > 0 ). 

68. Termodinamikis I kanoni

sistemis Sinagani energiis cvlileba misi gadasvlisas erTi mdgomareo­
bidan meoreSi, tolia gare Zalebis mier Sesrulebuli muSaobisa da sistemi­
saTvis gadacemuli siTbos raodenobis jamisa:

 	 ∆U = Agare + Q.	 (1)

Tanafardoba (1) gamoxatavs Termodinamikis pirvel kanons. 
Tu sistemas garedan ar gadaecema siTbos raodenoba, anu Q = 0 da ar icvleba 

sistemis Sinagani energia, es niSnavs, rom ∆U = 0 AmaSin, ASida= A Agare= 0. es niSnavs, 
rom garedan siTbos raodenobis miuReblad da Sinagani energiis Seucvlelad 
sistemas muSaobis Sesruleba ar SeuZlia da aseT pirobebSi arc gareSe sxeulebi 
asruleben muSaobas sistemaze zemoqmedebiT.

Tu sxeuli (airi) asrulebs muSaobas, maSin ∆U =Q – ASida.
Tu sxeuli kargavs siTbos, maSin ∆U = Agare – Q.
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 izobaruli procesi

izobaruli procesisTvis unda gamoviyenoT zogadi Tanafardoba Q = ∆U + ASida.  
Tu airi Tbeba (Q > 0), is farTovdeba da dadebiT muSaobas asrulebs (ASida> 0). 
erTdroulad izrdeba misi Sinagani energia (∆U > 0). gacivebis dros (Q < 0) airi 
ikumSeba da airze moqmedi gare Zalebis mier Sesrulebuli muSoba dadebiTia 
(Agare> 0 ), misi Sinagani energia klebulobs (∆U < 0).

 adiabaturi procesi

ganvixiloT iseTi Termodinamikuri sistema, romelic garSemo myof sxeuleb
Tan siTbocvlaSi ar monawileobs. aseT sistemas Tboizolirebuli ewodeba. 
Tboizolirebul sistemaSi mimdinare process adiabaturs uwodeben.

adiabaturi procesis dros Q = 0.
∆U = Agare + Q formulis Tanaxmad, muSaobis Sesruleba Sinagani energiis cvli-

lebis xarjze xdeba:
                                                              ∆U = Agare 

.                                                   (3)

cxadia, idealurad izolirebuli sistemebi bunebaSi ar arsebobs, magram Tu 
ganvixilavT sakmaod swrafad mimdinare process, romlis ganmavlobaSi ar xdeba 
SesamCnevi siTbocvla sistemasa da garemos Soris, maSin es procesi SegviZlia 
adiabatur procesad miviCnioT.

gantoleba (3)-is Tanaxmad, gareSe Zalebis mier sistemaze dadebiTi muSaobis 
Sesrulebis dros, magaliTad, airis SekumSvisas, misi Sinagani energia izrdeba. 
es ki niSnavs airis temperaturis momatebas. piriqiT, airis adiabaturi gafar-
Toebisas TviT airi asrulebs dadebiT muSaobas, xolo gare Zalebi uaryofiT 
muSaobas (Agare < 0) da misi Sinagani energia klebulobs, Sedegad airi civdeba.

70. siTburi balansi

ganvixiloT siTbocvla iseTi sistemis SigniT, romelic sxvadasxva tempera-
turis sxeulebisagan Sedgeba. davuSvaT, sistema sakmaod izolirebulia gare-
modan da misi Sinagani energia ar icvleba (Caketili sistema). Tu sistemis SigniT 
araviTari muSaoba ar sruldeba, maSin sistemis romelime sxeulis Sinagani  ener-
giis cvlileba tolia siTbos raodenobisa, romelic am sxeulma gasca an miiRo 
sistemis SigniT siTburi wonasworobis damyarebamde, e. i. ∆U1 = Q1. Tu SevkrebT 
msgavs sidideebs sistemis yvela sxeulisaTvis da gaviTvaliswinebT, rom sistemis 
Sinagani energia ar icvleba, anu ∆U = 0, miviRebT gantolebas:

	 Q1 + Q2 + Q3 + ... = 0. 				    (4)

am gantolebas siTburi balansis gantoleba ewodeba. aq Q1 , Q2 , Q3, ... sxeulebis 
mier miRebuli an gacemuli siTbos raodenobebia.

miRebuli siTbos raodenoba dadebiTia, gacemuli siTbos raodenoba uaryofi-
Tia.
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71. dnoba da gamyareba

siTbos raodenobas, romelic saWiroa dnobis temperaturamde miyvanili 
1 kg kristaluri nivTierebis mTlianad gasadnobad, dnobis kuTri siTbo 
ewodeba. dnobis kuTri siTbo aRiniSneba λ asoTi (berZnuli aso – lambda).

Q
mm = ,

sadac Q – miRebuli siTbos raodenobaa, m – sxeulis masa.

SI sistemaSi dnobis kuTri siTbos erTeulia 1j/kg.
Tu cnobilia nivTierebis dnobis kuTri siTbo λ, maSin dnobis temperaturamde 

miyvanili m masis nivTierebis gasadnobad saWiro siTbos raodenoba gamoiTv-
leba formuliT:

Q = λ m.

sxvadasxva nivTierebis dnobis kuTri siTbo sxvadasxvaa. es gansxvaveba maTi 
aRnagobiTaa gamowveuli. kristaluri agebulebis myari sxeulis temperatura 
dnobis procesSi ucvlelia miuxedavad imisa, rom mas siTbo ganuwyvetliv miewo-
deba. dnobis procesSi molekulebs Soris arsebuli mizidvis Zala aRar aris 
sakmarisi maTi winandeli mdgomareobis SesanarCuneblad, irRveva kristaluri 
agebuleba da sxeuli dneba. swored Q = λm siTbos raodenobaa saWiro m masis 
sxeulis kristaluri aRnagobis rRvevisaTvis.

Sebrunebuli procesi xdeba nivTierebis gamyarebisas. gamyarebis procesSic 
nivTierebis temperatura ar icvleba, vidre mTlianad ar gamyardeba sxeuli. 
am dros gamoiyofa siTbos igive raodenoba, ramdenic miiRo am nivTierebam 
dnobisas.

66-e suraTze gamosaxulia yinulis dnobisa da wylis gamyarebis grafiki.
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sur. 66

grafikze O wertilis marjvena mxares gamosaxulia wylis gaciebisas tempe
raturis damokidebuleba gamoyofili siTbos raodenobaze. Ggrafikidan Cans, rom 
siTbos ra raodenobasac STanTqavs sxeuli dnobisas (BBBC ubani) , imave raodenobis 
siTbos gamoyofs gamyarebisas (BBEF ubani).
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72. aorTqleba da kondensacia

Tavdaxurul WurWelSi siTxis aorTqlebisas, Tavdapirvelad siTxidan amo-
suli molekulebis ricxvi bevrad metia siTxeSi dabrunebuli molekulebis 
ricxvze. amitom WurWelSi orTqlis simkvrive TandaTan izrdeba. orTqlis 
simkvrivis zrdisas izrdeba im molekulebis ricxvic, romlebic qaosuri moZ-
raobis gamo siTxes ubrundeba. bolos siTxidan amosuli da ukan dabrunebuli 
molekulebis ricxvi erTmaneTs gautoldeba. am momentidan siTxis zedapiris 
zemoT myofi molekulebis raodenoba mudmivi gaxdeba. damyardeba egreT wode-
buli dinamikuri wonasworoba siTxesa da mis orTqls Soris. aseT orTqls 
najeri orTqli ewodeba.

haerSi najeri orTqlis arsebobisas warmoiqmneba nami – wylis wveTebi. 
dinamikuri wonasworobisas daxurul WurWelSi siTxis masa ar icvleba maSinac 
ki, roca siTxe agrZelebs aorTqlebas.

nivTiereba myari mdgomareobidan airovan mdgomareobaSi SeiZleba gadavides 
Txevadi mdgomareobis gareSe. Aam process sublimacias (aqrolvas) uwodeben. 
sublimacia SesaZlebelia nebismier temperaturasa da wnevaze myari da airovani 
mdgomareobebis Tanaarsebobisas.

sublimaciis magaliTebia: naftalinis, iodis kristalebis aqrolva.
aorTqlebisas siTxis (sxeulis) temperatura mcirdeba.

 duRili. duRilis temperaturis damokidebuleba wnevaze

eqsperimentuli gamokvlevebiT dadginda, rom duRilis temperaturamde miyva
nili siTxis orTqlad gadaqcevisaTvis saWiro siTbos raodenoba damokidebulia 
am siTxis masasa da gvarobaze. magaliTad, duRilis temperaturamde miyvanili 
1kg wylis orTqlad gadaqcevisaTvis saWiroa 2,3 • 106 j siTbo, xolo 1 kg spirti-
saTvis ki – 0,9 • 106 j.

fizikur sidides, romelic gviCvenebs siTbos ra raodenobaa saWiro 1 kg 
siTxis asaorTqleblad temperaturis Seucvlelad, orTqladqcevis kuTri 
siTbo ewodeba.

orTqladqcevis kuTri siTbo aRiniSneba L LasoTi:

Q
L m=

,

sadac Q – siTxis asaorTqleblad saWiro siTbos raodenobaa, m ki am siTxis masaa.

Q = Lm.

SI sistemaSi orTqladqcevis kuTri siTbos erTeulia 1 j/kg.
zustma eqsperimentebma gviCvena, rom mocemul temperaturaze m masis orTqlis 

kondensaciisas gamoiyofa imave raodenobis siTbo, rac saWiroa igive masis siTxis 
asaorTqleblad imave temperaturaze. aqedan gamomdinare, duRilis tempera
turamde miyvanili orTqlis kondensaciisas gamoyofili siTbos raodenoba

Q = –Lm.

wyali yovelTvis Seicavs haeris buStulebs. rodesac wyali Tbeba, masTan 
erTad Tbeba buStulebSi arsebuli haeri. wylis aorTqleba xdeba ara marto 
zedapiridan, aramed wylis SigniTac – haeris buStulebSi, ris gamoc buStulebis 
moculoba izrdeba. moculobis gazrdis gamo izrdeba masze moqmedi arqimedes 
(amomgdebi) Zala. amitom buStula iwyebs moZraobas zeviT, wylis zedapiri-
saken. roca wylis zeda fenebi SedarebiT civia, buStulaSi myofi wylis orTq-
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li civdeba da kondensirdeba. amitom buStulebi zedapiramde ver aRwevs da 
qreba. rodesac wylis zeda fenebi sakmarisad gaTbeba, buStulebSi gaizrdeba 
orTqladqceuli molekulebis ricxvi da, Sesabamisad, gaizrdeba orTqlis wneva. 
rodesac orTqlis wneva gautoldeba an gadaaWarbebs siTxis zedapirze arsebul 
haeris wnevas, buStulebi skdeba da ismis xma – siTxe iwyebs duRils.

duRili ewodeba orTqladqcevis process, romelic mimdinareobs, rogorc 
siTxis zedapiridan aseve Sida fenebidan.

orTqlis Sinagani energia metia imave temperaturisa da masis wylis Sinagan 
energiaze.

yvela siTxes gaaCnia misTvis damaxasiaTebeli duRilis temperatura. siTxis 
duRilis temperatura damokidebulia mis zedapirze arsebul haeris wnevaze.

siTxis zedapirze wnevis gazrdiT izrdeba siTxis duRilis temperatura. 
SemcirebiT _ mcirdeba. duRilis temperatura damokidebulia atmosferul 
wnevaze. Mmag., rac ufro maRlaa wyali zRvis donidan, miT ufro dabalia wylis 
duRilis temperatura. normaluri atmosferuli wnevisas wylis duRilis tem-
peraturaa 100 °C.

duRilis procesi SeiZleba davaxasiaToT grafikiT, romelzec gamosaxulia 
siTxis temperaturis damokidebuleba gaTbobis droze (sur. 67).

grafikis OB ubani ABasaxavs siTxis gaTbobas, BC – duRilis process, CD – wylis 
orTqlis gacxelebas, EF – orTqlis kondensaciis process, FG – siTxis gacivebas.
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Ggrafikidan Cans dro, romelic saWiroa duRilis temperaturamde miyvanili 
raime raodenobis wylis srulad asaorTqleblad (BC ubani),  igive droa saWiro 
amave raodenobis wylis misaRebad orTqlis kondensaciisas (EF ubani). igive SeiZ
leba vigulisxmoT siTbos raodenobaze orTqladqcevisa da kondensaciisaTvis. 

amgvarad, siTbos ra raodenobac aris saWiro siTxis orTqladqcevisaTvis, 
siTbos igive raodenoba gamoiyofa orTqlis kondensaciisas.
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eleqtrostatika

73. eleqtruli muxtis Senaxvis kanoni

 eleqtruli muxti

ZvelTagan cnobili iyo, rom zogierTi sxeuli xaxunis Sedegad amJRavnebda 
mcire zomis nawilakebis mizidvis unars. es unari yvelaze mkafiod qarvis xaxunis 
dros SeimCneoda. qarvas berZnulad – eleqtroni qvia, amitom am movlenas eleq
truli movlena ewoda. eleqtruli movlenebi ganpirobebulia im nawilakebis 
urTierTqmedebiT, romelTac eleqtruli muxti aqvT. bunebaSi ori saxis muxti 
arsebobs: dadebiTi da uaryofiTi. eleqtruli muxti fizikuri sididea da 
aRiniSneba q asoTi. movlenas, romlis drosac sxeulebis damuxtva xdeba, ele­
qtrizacia ewodeba. SI sistemaSi muxtis erTeulia 1 kuloni (1 k). 

praqtikaSi gamoiyeneba muxtis sxva erTeulebic: 1 milikuloni (mk) =10–3k. mik-
rokuloni (mkk) =10–6 k, 1 nanokuloni (nk) =10–9k.

bunebaSi arsebuli elementaruli muxti SI sistemaSi (sididiT) tolia  
e = 1,6•10–19 k. eleqtronis muxti sididiT elementaruli muxtis tolia, niSani 
ki uaryofiTi aqvs.

nebismieri damuxtuli nawilakis muxti q elementaruli eleqtruli muxtis  
e-s jeradia,  anu q = n · e , sadac n  mTeli ricxvia.

muxti nawilakis gareSe ar arsebobs, nawilakis muxti SesaZlebelia nulis 
toli iyos.

erTniSniani muxtebi erTmaneTs ganizidaven, sxvadasxva niSniani muxtebi erT-
maneTs miizidaven. Tu atomi kargavs eleqtrons miiReba dadebiTi ioni. atomis 
mier eleqtronis CaWerisas miiReba uaryofiTi ioni.

eleqtrobis nawils, romelSic Seiswavleba uZravi eleqtruli muxtebis urT-
ierTqmedebis kanonzomierebebi, eleqtrostatika ewodeba.

sistemas, romelSic mxolod masSi myofi muxtebi urTierTqmedeben da gare­
dan muxti arc gadaecemaT da arc waerTmeva izolirebuli sistema ewodeba. 

Eeleqtruli muxtebi ikribeba. sistemis muxti masSi Semavali muxtebis jamis 
tolia. Tu sxeulis muxti q = 0, niSnavs, rom masSi Semavali dadebiTi da uaryofi-
Ti muxtebis jami 0-is tolia. amiT aixsneba atomis neitraloba. Aatomis birTvi 
dadebiTadaa damuxtuli, eleqtronebi uaryofiTad, xolo atomis muxti nulis 
tolia.

Tu erTi nawilakis muxtia q
1
, meorisa q

2
, maSin maTi Sexebisa da gancalkavebis 

Semdeg TiToeulis muxti iqneba

 q
q q

2
1 2

=
+

.

Tu sxeulebis an nawilakebis muxtis sidideebs aRvniSnavT q1, q2... qn , maSin 
izolirebul sistemaSi myofi muxtebis nebismieri urTierTqmedebisas maTi 
jamuri eleqtruli muxti mudmivi sididea (muxti inaxeba):

q1+ q2+...+qn= ql1+ ql2+...+qln.
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74. kulonis kanoni

grexiTi sasworis gamoyenebiT Catarebuli cdebis Sedegebis safuZvelze 
kulonma Camoayaliba kanoni:

wertilovan muxtebs Soris urTierTqmedebis Zalis moduli pirdapirpro­
porciulia muxtebis sidideebis namravlis, ukuproporciulia maT Soris 
manZilis kvadratis da mimarTulia muxtebis SemaerTebeli wrfis gaswvriv.

F k r
q q

2
1 2= .

proporciulobis koeficientia       k = 
4
1
0rf

, 

sadac ε0 eleqtruli mudmivaa

    8,85 10 nm
k

0
12

2

2

$=f -
, 

amitom                                                       9 10 k
n m

k 2

2
9$
$= .

k ricxobrivad tolia Zalis, romliTac vakuumSi urTierTqmedebs ori, TiToO 
kuloni sididis, wertilovani muxti, Tu maT Soris manZili erTi metria. es 
Zalian didi Zalaa, romelic daaxloebiT egviptis piramidebis wonas utoldeba. 
am Sefasebidan Cans, rom kuloni muxtis didi erTeulia. amitom SemoRebulia 
kulonis wiladi erTeulebi: 1 mk = 10 –3 k, 1 mkk= 10 –6 k, 1 nk= 10 –9 k .

wertilovani muxti anu wertilovani damuxtuli sxeuli bunebaSi ar arsebobs. 
aseTad SeiZleba miviCnioT sferuli formis Tanabrad damuxtuli sxeuli an 
sxeuli, romlis zoma gacilebiT naklebia sxva damuxtul sxeulamde manZilTan 
SedarebiT.

unda aRiniSnos, rom uZravi wertilovani muxtebis urTierTqmedebis Zalebi 
mimarTulia am wertilebis SemaerTebeli wrfis gaswvriv da maTi Tavmoyra 
SeiZleba sivrcis erT wertilSi – aseTi Tvisebis Zalebs centraluri Zalebi 
ewodeba. amrigad, kulonuri Zalebi centraluri Zalebia. centraluria 
agreTve gravitaciuli Zalebic.

kulonuri ZalisaTvis samarTliania niutonis III kanoni.

e. i. izolirebul sistemaSi damuxtuli nawilakebis urTierTqmedebamde 
maTi muxtebis jami tolia am nawilakebis muxtebis jamisa urTierTqmedebis 
Semdeg.

eleqtruli muxtis Senaxvis kanoni sruldeba yovelTvis, roca muxtebis 
mocemuli sistema Caketilia. elementaruli nawilakebis gaCenisas an mospo-
bisas, isini wyvil-wyvilad ibadebian urTierT sapirispiro niSnis muxtiT, an 
qrebian (anihilireben) ise, rom saerTo muxti sistemaSi ucvleli rCeba. xaxuniT 
sxeulebis daeleqtroebis procesSi monawileobs nivTierebis Semadgeneli 
atomebis Zalian mcire raodenoba, romlebic sxeulis zedapirze arian ganTavse-
buli. xaxuni sxeulebs Soris mWidrod Sexebis farTobs zrdis, ris Sedegad 
eleqtronebi erTi sxeulidan meoreze gadadian.
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75. eleqtruli velis daZabuloba

damuxtuli sxeulebi erTmaneTTan Seuxeblad, raime manZilze urTierTqmede-
ben ZaliT, romelsac eleqtruli Zala ewodeba.

garemos, romelSic vlindeba muxtze eleqtruli Zalis moqmedeba, eleq­
truli veli ewodeba.

eleqtrul vels axasiaTeben fizikuri sididiT, romelsac eleqtruli velis 
daZabuloba ewodeba. daZabuloba aris velis Zaluri maxasiaTebeli.

dadebiTi q muxtis mier Seqmnili eleqtrostatikuri veli mis nebismier 
wertilSi xasiaTdeba am wertilSi Setanil e. w. sasinj muxtze moqmedi ZaliT. 
sasinji muxtis sidide iseTi mcire unda iyos, rom misma Setanam ar Secvalos 
gamosakvlevi velis sidide da mimarTuleba. sasinj muxtad yovelTvis dadebiT 
muxts iReben. kulonis kanonis Tanaxmad ganzidvis Zala, romelic moqmedebs  
q muxtsa da sasinj q0 muxts Soris, moduliT tolia:

					         .F k r
q q

2
0$= 				    (1)

formulidan Cans, rom FF Zalis sidide damokidebulia ara mxolod q-ze, ara
med sasinj q0 muxtzec.

eleqtrostatikuri velis daZabuloba veqtoruli sididea, romelic tolia 
velis garkveul wertilSi moTavsebul dadebiT sasinj muxtze velis mxridan 
moqmedi Zalis Sefardebis am muxtis sididesTan:

						      q
F

E
0

= .				    (2)

Tu (1) gamosaxulebidan (2)-Si CavsvamT FF-is mniSvnelobas, miviRebT  
q wertilovani muxtis velis daZabulobis modulis mniSvnelobas q muxtisgan  
r manZilze:

E k
r
q
2= .

 q
F

0
 fardoba ar aris damokidebuli  F  Zalisa da  sasinji q0 muxtis sidideze. 

damokidebulia mxolod velis warmomqmnel muxtsa da am muxtamde manZilze, 
amitom aseTi Sefardeba warmoadgens velis damaxasiaTebel sidides. eleqtruli 
velis daZabuloba veqtoruli sididea.

SI sistemaSi daZabulobis erTeulia n/k. SemdgomSi, velis energetikuli 
maxasiaTeblis – potencialis Seswavlisas gavigebT, rom daZabulobis erTeu-
lia 1 v/m (volti/metrze).

cnobilia rom, Tu sxeulze erTdroulad ramdenime Zala moqmedebs 
, , ....F F F1 2 n , maSin am Zalebis moqmedeba SeiZleba Seicvalos erTi – tolqmedi 

ZaliT:
....F F F F1 2 n= + + + .

ramdenime Zalis moqmedebiT sxeuli ise iqceva, TiTqos masze moqmedebdes 
erTi F F  tolqmedi Zala. amaSi mdgomareobs Zalebis superpoziciis principi. 
cxadia, rom amave princips emorCileba sasinj muxtze sxva muxtebis mxridan moq-
medi Zalebi. Tu Zalebis superpoziciis Sesabamis gantolebas gavyofT sasinji 
muxtis q0 sidideze, miviRebT eleqtrostatikuri velebis daZabulobisaTvis 
superpoziciis principis pirobas:
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Tu sivrcis romelime wertilSi sxvadasxva eleqtruli muxti qmnis ele­
qtrul vels, romlis daZabulobaa , , ....E E E1 2 n, maSin am wertilSi eleqtruli 
velis daZabuloba calkeuli muxtis mier Seqmnili velis daZabulobaTa 
geometriuli jamis tolia:

....E E E E1 2 n= + + + .

superpoziciis principi samarTliania eleqtrostatikuri velisaTvis. 

76. eleqtruli velis Zalwirebi

velis daZabulobas gamosaxaven sididisa da mimar-
Tulebis maCvenebeli wirebis – Zalwirebis meSveobiT.

eleqtruli velis Zalwiri ewodeba wirs, romlis 
TiToeul wertilSi gavlebul mxebs velis daZabu­
lobis veqtoris mimarTuleba aqvs.

Zalwirebis marTobulad orientirebul farTobis 
erTeulze gamavali Zalwirebis ricxvi im adgilas eleq
trostatikuri velis daZabulobis sididis proporci-
ulia.

dadebiTi wertilovani muxtis velis Zalwirebi dadeb-
iTi muxtidan mimarTulia radiusis gaswvriv gareT (sur. 
68 a), xolo uaryofiT muxtis velis Zalwirebi radiusis 
gaswvriv mimarTulia uaryofiTi muxtisken (sur. 68 b). 
aRniSnuli mimarTulebebi emTxveva dadebiT sasinj mux-
tze moqmedi Zalis mimarTulebas.

69-e, a da b suraTze gamosaxulia ori muxtis velis Zalwirebi – rogorc sxvada
sxva niSniani, aseve erTnairniSniani muxtebisaTvis. Zalwirebi mrud wirebs war-
moadgens, romlis nebismier wertilSi velis daZabuloba orive muxtis velebis 
superpoziciiT miiReba.

vels, romlis yvela wertilSi daZabulobas erTnairi sidide da mimar­
Tuleba aqvs erTgvarovani veli ewodeba.

velis daZabulobis Zalwirebi erTmaneTTan arsad gadaikveTeba, radgan maTi 
gadakveTa migvaniSnebda, rom erTsa da imave wertilSi daZabulobas ori sxva
dasxva mimarTuleba aqvs, rac SeuZlebelia.

amgvarad:

yy Zalwirebi gamodian dadebiTi muxtidan, Sedian uaryofiT muxtSi; 

yy eleqtruli velis Zalwire-
bi gviCveneben eleqtruli 
velis daZabulobis veqto-
ris mimarTulebas;

yy Zalwirebis marTobul erTe
ulovan farTobSi gamavali 
Zalwirebis raodenoba pro-
rporciulia eleqtruli 
velis daZabulobis.

a

b

sur. 68

a

b

sur. 69
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77. dieleqtrikuli SeRwevadoba

dieleqtrikebis eleqtrul velSi moTavsebisas eleqtrostatikuri veli maTSi 
sustdeba vakuumSi velTan SedarebiT. velis dasustebis xarisxi damokidebulia 
TviT dieleqtrikis Tvisebebze. dieleqtrikebis eleqtruli Tvisebebis dasaxa-
siaTeblad SemoaqvT fizikuri sidide – dieleqtrikuli SeRwevadoba. diele­
qtrikuli SeRwevadoba gviCvenebs, ramdenjer naklebia eleqtrostatikuri 
velis daZabulobis moduli dieleqtrikis SigniT vakuumSi eleqtrostati­
kuri velis daZabulobis modulTan SedarebiT.

E
E0=f .

ε-is sidide ganyenebuli ricxvia da ε > 1. vakuumisTvis ε = 1, aseve haerisTvis 
SeiZleba miviCnioT erTis tolad.

Tu wertilovani muxti moTavsebulia ε dieleqtrikuli SeRwevadobis dieleq
trikSi, romlis velis daZabulobaa EE, maSin

4
1E r

q
r

kq

0
2 2$=

rf f f
= .

muxtebs Soris kulonuri urTierTqmedebis Zala:

4
1

r
q q

rF
k q q

0
2

1 2
2

1 2
$

$; ; ; ; ; ; ;=
rf f f

= ,

sadac    4
1

k
nm

k 9 10
0

9
2

2

$=
rf

= .

78. eleqtrostatikuri velis muSaoba

ganvixiloT E EdaZabulobis erTgvarovan eleqtro-
statikur velSi dadebiTi q muxtis gadadgileba BB-dan 
DD wertilSi Zalwirebisadmi α kuTxiT (sur. 70 a). am Sem-
TxvevaSi eleqtrostatikuri velis mier muxtis gadaad
gilebaze Sesrulebuli muSaoba tolia:

A = Fscosα = qEscos α = qEd, sadac d – firfitebs Soris 
manZilia, xolo s – BD gadaadgilebis sigrZe.

Tu muxti BB wertilidan jer moZraobda velis gas-
wvriv C wertilisken da firfitis gaswvriv gadaad
gilebis Semdeg aRmoCnda D wertilSi, velis muSaoba 
toli iqneba:

Ael = A1 + A2= qE•BCcos0° + qE•CDcos90° = qEd.

erTgvarovan eleqtrostatikur velSi muxtis 
gadaadgilebisas Sesrulebuli muSaobebi BD B Dda B BCD D 
traeqtoriebis gaswvriv erTi da igivea. imave Sedegs 
miviRebT muxtis gadaadgilebisas nebismieri mrudi 
wiris gaswvriv imave BB-dan D D wertilamde, Tu am mruds 
mcire zomis safexurebad davyofT (sur. 70 b).

B

D

E

s

C
d

α

a

B

D

E

d

b

sur. 70
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gadaadgilebis mimarTulebis Secvlisas eleqtruli velis muSaoba icvlis 
niSans sawinaaRmdegoTi: Tu q muxtis BB-dan D D wertilSi gadaadgilebisas velis 
Zalebma Seasrules AA muSaoba, igive Zalebi DD-dan BB wertilSi imave gziT gadaadg-
ilebisas A muSaobas Seasrulebs uaryofiTi niSniT. radgan muSaoba traeqto-
riis formaze ar aris damokidebuli, amitom am wertilebs Soris nebismieri sxva 
traeqtoriis gaswvriv gadaadgilebis SemTxvevaSic igive A AmuSaoba Sesruldeba. 
amgvarad, Caketil traeqtoriaze eleqtrostatikuri velis mier muxtis 
gadaadgilebaze Sesrulebuli jamuri muSaoba nulis tolia.

vels, romelSic nebismieri Caketili traeqtoriis gaswvriv gadaadgilebisas 
Sesrulebuli muSaoba nulis tolia, potenciuri veli ewodeba.

gravitaciuli da eleqtrostatikuri velebi potenciuri velebia.

79. eleqtrostatikuri velis potenciali

eleqtrostatikuri velis mocemuli wertilis potenciali ewodeba am wertil-
Si moTavsebuli sasinji dadebiTi muxtis potenciuri energiis Sefardebas am 
muxtis sididesTan:
						      q

W
0

={ 	.				    (1)

sadac W mocemul wertilSi velsa da sasinj q0 muxts Soris urTierTqmedebis 
potenciuri energiaa. potencialis erTeuls ewoda 1 volti (SemoklebiT v) ita
lieli fizikosis alessandro voltas pativsacemad.

1v = 1j/k.

erTi volti velis im wertilis potencialia, sadac erTi kuloni muxtis 
Setanisas am muxtis potenciuri energia erTi joulis tolia.

potenciali skalaruli sididea da velis energetikuli maxasiaTebelia. igi 
velis mocemul wertilSi muxtis potenciuri energiis ganmsazRvrelia.

Tu (1) formulaSi SevitanT wertilovan q muxtsa da mis velSi Setanil sasinj 
q

0
 muxts Soris urTierTqmedebis potenciuri energiis formulas:

W k r
q q0$= .

miviRebT, rom wertilovani muxtis potenciali:

					               k r
q={ .					     (2)

es formula gamoiyeneba damuxtuli gamtari sferos zedapirze an mis gareT 
potencialis gamosaTvlelad.

me-(2) formulidan Cans, rom erTi da imave muxtis arsebobisas meti potenciali 
eqneba im sferos, romlis radiusi naklebia.

erTgvarovani eleqtruli velis potencialis formulis misaRebad gavixsenoT 
aseT velSi dadebiTi q

0
 muxtis potenciuri energiis formula: W = qEd da Sevi-

tanoT (1) formulaSi. miviRebT erTgvarovani eleqtruli velis potencialis 
formulas nulovani energiis donis mimarT:

						      φ = Ed.					    (3)
sadac d aris muxtis mdebareoba winaswar arCeuli potenciuri energiis nulovani 
donis mimarT. erTgvarovan velSi aseT dones warmoadgens uaryofiTad damux-
tuli firfita, radgan dadebiTi muxti am firfitisken moZraobs. praqtikaSi, 
rogorc wesi, sxvadasxva wertilebis potencials ganixilaven dedamiwis mimarT, 
romlis potenciali nulis tolad miiCneva.
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80. potencialTa sxvaoba

eleqtruli velis romelime wertilidan sxva wertilSi muxtis gadatanaze 
Sesrulebuli muSaoba tolia:

A = W1 – W2.
sadac W1 da W2 velis Sesabamis wertilebSi q muxtis potenciuri energiebia.

viciT, rom W1 da W2 gamoiTvleba formuliT: W1= qφ1, W2 = qφ2. am gamosaxulebebis 
muSaobis formulaSi CasmiT miviRebT:

				     A = qφ1 – qφ2 = q (φ1– φ2). 				    (1)

sidides φ1 – φ2 potencialTa sxvaoba ewodeba. φ1 da φ2 velis mocemuli 
wertilebis potencialebia. potencialTa sxvaobas agreTve eleqtrul Zabvas 
uwodeben da U asoTi aRniSnaven.

e. i. Tu    U = φ1 – φ2 
,    maSin:          U q

A= .

praqtikaSi gamoyeneba aqvs ara potencials, aramed potencialTa sxvaobas, 
romelic ar aris damokidebuli potencialis nulovani donis arCevaze.

amgvarad, eleqtruli velis or wertils Soris potencialTa sxvaoba (Zabva) 
tolia am wertilebs Soris muxtis gadatanaze velis mier Sesrulebuli muS­
aobis Sefardebisa am muxtis sididesTan.

potencialTa sxvaobis erTeuli aris 1 volti.
velis or wertils Soris potencialTa sxvaoba erTi voltis tolia, Tu am 

wertilebs Soris erTi kuloni muxtis gadatanaze sruldeba erTi jouli 
muSaoba.

paragrafi 79, (3) formulidan SeiZleba davadginoT eleqtruli velis daZabu-

lobis erTeuli, radgan φ = Ed, E d= { , aqedan, velis daZabulobis erTeulia – 1 v/m.

81. eleqtrotevadoba. brtyeli kondensatoris	 eleqtrotevadoba

nebismieri formis gamtaris muxtis sididis Sefardeba amave gamtaris 
potencialTan mocemuli gamtarisTvis mudmivi sididea da mas gamtaris 
eleqtrotevadoba ewodeba:

C
q=
{

.

eleqtrotevadobis erTeulia faradi (SemoklebiT f): 1f = 1k/v.
faradi aris iseTi sxeulis eleqtrotevadoba, romelzec erTi kuloni 

muxtis gadacema mis potencials erTi voltiT zrdis.

Tu tevadobis formulaSi φ-is nacvlad SevitanT k r
q

-s, miviRebT: 

C k
r= .

Tu formulaSi SevitanT k-s mniSvnelobas, miviRebT C = 4πε0εr.
sferos eleqtrotevadoba ar aris damokidebuli muxtis sidideze da sferos 

radiusis pirdapirproporciulia.
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1 faradi didi tevadobaa. aseTi tevadoba rom hqondes sxva sxeulebidan gan-
calkevebul sferos, misi radiusi 13-jer meti unda iyos mzis radiusze. amitom 
praqtikaSi gamoiyeneba tevadobis wiladi erTeulebi: 1 mkf (mikrofaradi) = 10-6 f; 
1 nf (nanofaradi) = 10-9 f, 1 pf (pikofaradi) = 10-12 f.

brtyeli kondensatori warmoadgens or brtyel gamtar paralelur sibrtyes, 
romelTa Soris aris haeris an dieleqtrikis Txeli fena.

rodesac firfitebs Soris ε SeRwevadobis dieleqtrikia moTavsebuli, brtyel 
firfitebiani kondensatoris velis daZabuloba ε-jer Semcirdeba da Semdegi 
formuliT gamoisaxeba:

E S
q
0

=
ff

.

Kkondensatoris tevadoba C U
q= , sadac q aris muxti erT-erT firfitaze 

(Semonafenze), xolo U – kondensatorze modebuli Zabva.
aseTi kondensatoris firfitebs Soris Zabva tolia:

, S
q

U Ed U
d

0

$=
ff

= .

Tu am gamosaxulebas eleqtrotevadobis formulaSi CavsvamT, miviRebT brtye
li kondensatoris tevadobis gamosaTvlel formulas:

C U
q

d
S0= = ff .

es formula gviCvenebs, rom brtyeli kondensatoris eleqtrotevadoba 
damokidebulia firfitebis farTobze, maT Soris manZilze da garemos ele-
qtrul Tvisebebze. rac metia farTobi, miT meti raodenobis muxtebi ganTavs-
deba firfitebis zedapirze da rac ufro mcirea firfitebs Soris manZili miT 
ufro meti ZaliT akavebs erT firfitaze arsebuli muxti meore firfitaze 
arsebul muxts, rac zrdis eleqtrotevadobas. damuxtul firfitebs Soris 
dieleqtrikis SetaniT polarizaciis gamo warmoqmnili bmuli muxtebi iwvevs 
firfitebze damatebiTi muxtebis mozidvas muxtebis wyarodan, rac aseve zrdis 
eleqtrotevadobas.

82. kondensatoris energia

Tu didi eleqtrotevadobis kondensators SeuerTebT naTuras, is cota xniT 
ainTeba im eleqtruli energiis xarjze, romelic dagrovda kondensatorze 
misi denis wyarosTan mierTebisas. Tu C eleqtrotevadobis kondensatoris 
Semonafenebze ganlagebulia +q da –q muxtebi, maSin Semonafenebs Soris Zabva

 .U
C
q

=

ganmuxtvis procesSi kondensatoris Semonafenebze muxtis Semcirebisas Zab-
va swrafad mcirdeba U-dan nulamde, ris gamoc kondensatorTan mierTebuli 
naTura qreba. ganmuxtvisas kondensatorze Zabvis saSualo mniSvneloba tolia:

2
0

2 2 .U U U
C
q

saS = + = =
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kondensatoris ganmuxtvis dros eleqtruli velis mier Sesrulebuli muSaoba 
Semdegnairad gamoisaxeba:

2A qU C
q2

saS= =  

 an,  Tu gaviTvaliswinebT, rom   q = CU,    maSin  2A CU2

= .

viciT, rom eleqtruli velis mier Sesrulebuli muSaoba tolia eleqtruli 
velis energiis cvlilebisa. kondensatoris ganmuxtvisas:

A = W1 – W2 = W1 – 0 = W.

amitom, eleqtruli velis energia gamoisaxeba analogiuri formuliT:

2 2W A C
q CU2 2

= = = .

Tu C-s nacvlad SevitanT brtyeli kondensatoris eleqtrotevadobis gamo-
saTvlel formulas,

dC
S0= ff .

miviRebT:  dW
SU

2
0

2

= ff .  magram, U = Ed, amitom W E dS
2

2
0= ff .

Tu am formulis orive mxares gavyofT kondensatoris firfitebs Soris eleq
truli velis mier dakavebul moculobaze V = Sd, miviRebT eleqtruli velis 
energiis simkvrivis (ω) formulas:

2V
W E0 2

= =~
ff .

energiis simkvrivis erTeulia jouli kubur metrze –1 j/m3. e. i., eleqtruli 
velis energiis simkvrive am velis daZabulobis kvadratis proporciulia.

es debuleba samarTliania ara marto erTgvarovani, aramed nebismieri saxis 
eleqtruli velisTvis.
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eleqtruli deni

83. denis Zala

Eeleqtruli deni ewodeba damuxtuli nawilakebis mowesrigebul, mimar­
Tul moZraobas.

Eeleqtruli deni liTonebSi Tavisufali eleqtronebis mimarTuli moZraobaa. 
siTxeebSi – dadebiTi da uaryofiTi ionebis mimarTuli moZraoba, airebSi ki – 
eleqtronebis, dadebiTi da uaryofiTi ionebis mimarTuli moZraoba. Eeleqtruli 
denis mimarTulebad miCneulia dadebiTi muxtebis moZraobis mimarTuleba.D

eleqtruli veli gamtarSi sinaTlis siCqariT vrceldeba. Eeleqtruli deni 
raodenobrivad xasiaTdeba fizikuri sididiT, romlesac denis Zala ewodeba.

denis Zala (I) tolia gamtaris ganivkveTSi gamavali muxtis sididis (q) 
fardobisa dros SualedTan (t), romlis ganmavlobaSic es muxti gadioda:

I t
q

= .

iseT dens, romelic ar icvlis mimarTulebas da sidides, mudmivi deni ewodeba. 
SI sistemaSi denis Zalis erTeulia 1 amperi. erTi amperi aris iseTi denis Zala, 
rodesac gamtaris ganivkveTSi erT wamSi erTi kuloni muxti gadis:

A

denis Zala izomeba specialuri xelsawyoTi, romelsac ampermetri ewodeba. 
eleqtrul wredSi ampermetri mimdevrobiT irTveba (sur. 71). Mmisi winaRoba 
unda iyos rac SeiZleba mcire, rom wredSi denis Zalis 
mniSvneloba ar Secvalos. 

davuSvaT, gamtaris ganikveTis farTobia S, damux-
tuli nawilakebis mowesrigebuli moZraobis saSualo 
siCqare – υ, nawilakebis koncentracia n, denis gadamtani 
nawilakis muxti q, maSin gamtarSi gamavali deni gamoi
saxeba formuliT:

I = nqSυ.
sur. 71

84. denis wyaroebi

Eeleqtruli denis arsebobis aucilebeli pirobaa 
Tavisufali muxtebisa da eleqtruli velis arseboba, 
romelic moqmedebs am muxtebze da iwvevs maT mimarTul 
moZraobas. denis misaRebad eleqtrul vels qmnis denis 
wyaro. mudmiv dens mudmivi denis wyaro qmnis (sur. 72).

Aarsebobs sxvadasxvagvari mudmivi denis wyaro: gal
vanuri elementi, akumulatori, mzis elementi, Ter
moelementi da sxva. Ymudmivi denis wyaros ori polusi 
aqvs: dadebiTi da uaryofiTi. Dnebismier denis wyaroSi 
araeleqtruli bunebis (qimiuri, sinaTlis, siTburi da 
sxv.) Zalebis moqmedebiT xdeba muxtebis gancalkeveba 
da maTi dagroveba denis wyaros polusebze. sur. 72
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Aaraeleqtruli bunebis Zalebs gare Zalebsac uwode-
ben. Tu denis wyaros polusebs gamtarebiT SevaerTebT 
naTurasTan, maSin eleqtruli velis gavleniT 
Tavisufali damuxtuli nawilakebi amoZravdebian erTi 
garkveuli mimarTulebiT, anu aRiZvreba eleqtruli 
deni. Eeleqtruli denis wyaro da masTan SeerTebuli 
eleqtruli xelsawyoebi qmnian eleqtrul wreds. eEleq
truli wredi SeiZleba gamoisaxos sqemis saxiT (sur. 73). 

Tu wredi Caketili ar aris, masSi deni ar gaivlis.
74-e suraTze gamosaxulia zogierTi eleqtruli xelsawyos sqematuri aRniSvna.

eleqtruli xelsawyoebis sqematuri aRniSvna

naTura denis wyaro CamrTveli eleqtrozari dnobadi damcveli

winaRoba eleqtroZrava reostati momWerebi koWa gulariT

sur. 74

sur. 73

85. denis moqmedebebi

eleqtruli denis gavla iwvevs gamtarebis gaTbobas. denis siTburi moqme­
deba zogjer iseTi Zlieria, rom gamtari varvarebs da kaSkaSs iwyebs. magaliTad, 
naTuraSi denis gavlisas volframis Zafi kaSkaSebs.

siTxeebSi: mJavas, marilisa da tuteebis wyalxsnarebSi (eleqtrolitebSi) 
denis gavlis Semdeg, denis qimiuri moqmedeba mJRavndeba.

eleqtrolitebSi denis gavlisas eleqtrodebze nivTiereba gamoiyofa.
deniani gamtari Tavis garSemo qmnis magnitur vels. amas adasturebs denian 

gamtarTan miaxloebuli magnituri isris mimarTulebis cvlileba. e. i. eleq
trul dens axasiaTebs magnituri moqmedeba.

86. Zabva
denis wyaros mier Seqmnili eleqtruli velis gavleniT muxtebi gadaadgildeba 

wredis ubnis erTi wertilidan meoreSi (mag. A-dan B-Si, sur. 75). Ee.i. eleqtruli 
veli muxtis gadaadgilebisas asrulebs muSaobas. AmuSaobis Sesasruleblad ki 

aucilebelia eleqtrul vels gaaCndes energia. Eeleq
truli velis energetikuli maxasiaTebeli aris eleq­
truli Zabva an ubralod Zabva. Zabva (U) aris fizikuri 
sidide, romelic gamoiTvleba eleqtruli velis mier 
wredis A wertilidan B wertilSi muxtis gadaad­
gilebisas Sesrulebuli muSaobis (A) SefardebiT am 
muxtis sididesTan (q):

U q
A= .sur. 75
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SI sistemaSi Zabvis erTeulia 1 volti (v).

Zabvis gasazomad iyeneben specialur xelsawyos – voltmetrs. mudmivi denis 
ampermetris msgavsad mudmivi denis voltmetris erT-erT momWerze aRniSnu-
lia `+~ niSani. Ees momWeri wredSi CarTvisas aucileblad mudmivi denis wyaros 
dadebiT polusTan unda iyos SeerTebuli. winaaRmdeg SemTxvevaSi isari sapi
rispiro mxares gadaixreba, rac xSirad xelsawyos dazianebas iwvevs.

voltmetri ampermetrisgan gansxvavebiT wredSi paralelurad irTveba im 
ubanze, sadac uSualod Zabvis gazomva sWirdebaT. magaliTad, naTuraze Zabvis 
gasazomad mas uSualod naTuris momWerebs uerTeben (sur. 75).

87. gamtaris winaRoba. kuTri winaRoba

cnobilia, rom sxvadasxva kristaluri nivTiereba gansxvavebuli eleqtruli 
TvisebebiT xasiaTdeba. zogierTi maTgani dens kargad atarebs, zogierTi ki 
cudad. Ees ganpirobebulia imiT, rom gamtarSi eleqtruli velis gavleniT 
mowesrigebulad moZravi eleqtronebi urTierTqmedeben kvanZebSi myof 
ionebTan. Aam urTierqmedebis gamo velis gaswvriv moZravi Tavisufali eleq
tronebi ganibneva. maTi siCqare da energia mcirdeba. Ee. i. mcirdeba gamtarSi 
drois erTeulSi gamavali muxtis raodenoba anu mcirdeba eleqtruli denis 
Zala. e. i. gamtarebs aqvT Tviseba winaaRmdegoba gauwion masSi gamaval dens. 
Ggamtaris am Tvisebas eleqtrul winaRobas uwodeben.

eleqtruli winaRoba fizikuri sididea. igi aRiniSneba R asoTi. misi erTeulia 
1 omi. EwinaRobis erTeuls 1 omi ewoda germaneli fizikosis georg simon omis 
pativsacemad. erTi omi aris iseTi gamtaris winaRoba, romlis boloebze erTi 
volti Zabvisas masSi gamavali denis Zala erTi amperia.

gamtaris winaRoba damokidebulia nivTierebis gvarobasa da mis geometriul 
zomebze. gamtaris winaRobis  damokidebuleba nivTierebis gvarobaze xasiaT-
deba fizikuri sididiT, romelsac kuTri winaRoba Pewodeba. aRiniSneba ρ asoTi. 
kuTri winaRoba gamoiTvleba formuliT:

l
R S$

t =  .   

     aqedan,                                    R
S
l
t= .

gamtaris winaRoba pirdapirproporciulia gamtaris sigrZisa, ukupro­
porciulia am gamtaris ganivkveTis farTobisa da damokidebulia gamtaris 
nivTierebis gvarobaze.

kuTri winaRobis erTeuli SI sistemaSi aris omi•m. xolo sistemgareSe erTeu-

lia   .

ricxobrivad, garkveuli nivTierebis kuTri winaRoba am nivTierebis iseTi 
gamtaris winaRobaa, romlis sigrZea 1 m da ganivkveTis farTobia 1 mm2. Yyvela 
nivTiereba xasiaTdeba kuTri winaRobiT, romelTa mniSvnelobebi mocemulia 
specialur cxrilSi. 

liTonis gamtarebis kuTri winaRoba temperaturis gazrdiT izrdeba, aragam-
tarebisa da siTxeebis winaRoba ki temperaturis gazrdiT mcirdeba.
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88. omis kanoni wredis ubnisaTvis

georg omma 1826 wels eqsperimentulad daadgina damokidebuleba denis Zalas, 
Zabvasa da winaRobas Soris.

am sidideebs Soris damokidebulebam omis kanonis saxelwodeba miiRo.
wredis ubanze denis Zala (I) pirdapirproporciulia am ubanze Zabvisa (U) 

da ukuproporciulia am ubnis winaRobisa (R):

.

aqedan,				    ;	  .

Aam formulis mixedviT:  1 omi = 1 a
v

.

89. gamtarebis mimdevrobiTi SeerTeba

arsebobs eleqtruli xelsawyoebis SeerTebis ori xerxi: mimdevrobiTi da 
paraleluri.

mimdevrobiTi SeerTebisas wredis erTi elementis 
bolo uerTdeba meore elementis dasawyiss da a.S.

gamtarebis mimdevrobiTi SeerTebisas (sur. 76) denis 
Zala wredSi yvelgan erTi da igivea. es rom ase ar iyos, 
muxtebi dagrovdeboda wredis romelime wertilSi.

.
Zabva mTel wredSi TiToeul ubanze ZabvaTa jamis 

tolia:
                                	.		  (1)

Tu gamtaris winaRobebi TiToeul ubanze Sesabamisad 
R1 da R2-is tolia, mTeli wredis winaRoba ki – R, maSin omis kanonis Tanaxmad:

 .        (2)

 (1) formulaSi me-(2) formulebis SetaniT miiReba: 

                                      .
mimdevrobiTi SeerTebisas wredis sruli winaRoba tolia TiToeuli gam­

taris winaRobaTa jamisa.

Tu U1-s gavyofT UU2-ze, miviRebT:	 .

Zabva mimdevrobiT SeerTebul gamtarebze maTi winaRobebis proporciulad 
nawildeba.

Tu wredi Sedgeba ramdenime mimdevrobiT SeerTebuli gamtarisagan, romelTa 
winaRoba Sesabamisad aris R1, R2, ... Rn, maSin saerTo winaRoba iqneba:

 .

Tu	 R1= R2 . . . . = Rn = r,	 maSin	     R = n . r.

sur. 76

V1 V2

V

R1 R2
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90. gamtarTa paraleluri SeerTeba
paraleluri SeerTebisas wredSi CarTuli yvela ele

mentis erTi bolo Tavs iyris erT wertilSi (A), xolo 
meore bolo – meore (B) wertilSi (sur. 77).

gamtarebis paraleluri SeerTebisas Zabva wredis am 
ubanze da gamtarebis boloebze erTnairia:

				    			 
denis Zala wredis am ubanze tolia wredis parale-

lurad SeerTebul TiToeul gamtarSi gamavali denis 
Zalebis jamisa (sur. 77).

                             (3)

Tu gamtaris winaRobebia Sesabamisad R1 da R2, maSin omis kanonis Tanaxmad:

I R
U= ,

sadac R wredis am ubnis sruli winaRobaa.

                                                                                                    
I1-is mniSvnelobis I2-ze gayofisas, miiReba:

      .

gamtarebis paraleluri SeerTebisas denis Zala TiToeul gamtarSi maTi 
winaRobebis ukuproporciulia.

me-(4) formulebis me-(3)-Si CasmiT miiReba:

.                              (5)

paraleluri SeerTebisas wredis sruli winaRobis Sebrunebuli sidide 
tolia TiToeuli gamtaris winaRobebis Sebrunebuli sidideebis jamisa.

me-(5)-dan  miiReba:                   

Tu R1 = R2 = . . . . . . Rn = r,              maSin, R =  .

Aamrigad, gamtarebis mimdevrobiTi SeerTebisas mTeli wredis winaRoba izrde-
ba, paralelurad SeerTebisas ki mcirdeba.

sur. 77

I

R1

R2

I1

I2

V

91. denis muSaoba da simZlavre

wredebSi eleqtruli denis energia sxvadasxva saxis energiad gardaiqmneba. 
magaliTad, eleqtroZravaSi eleqtruli denis energia gardaiqmneba meqanikur 
energiad, eleqtronaTuraSi – Sinagan da gamosxivebis energiad. eleqtrouToSi 
– Sinagan energiad, eleqtrolizisa da akumulatorebis damuxtvisas – qimiur 
energiad.

eleqtruli denis muSaoba gviCvenebs energiis danaxarjs wredSi denis gavlisas.
eleqtruli denis muSaoba:      A = qU.					     (1)
wredSi gamavali eleqtruli muxti:   q = It.					    (2)
(1) formulaSi me-(2)-s CasmiT miiReba:  A = IUt.
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wredSi eleqtruli denis muSaoba tolia denis Zalis namravlisa Zabvaze 
da denis gavlis droze.

omis kanonis Tanaxmad: UU = IR da UI = U/R. amis gaTvaliswinebiT eleqtruli denis 
muSaoba SesaZlebelia Semdegi formulebiTac gamoisaxos:

.

erTeulTa SI sistemaSi eleqtruli denis muSaoba izomeba joulebSi.

1 jouli = 1 volti • amperi • wami;

1 j = 1 v • a • wm.
eleqtruli denis muSaobis sistemgareSe erTeulad miRebulia muSaoba, 

romelsac asrulebs erTi amperi deni erTi saaTis ganmavlobaSi, rodesac wredSi 
Zabva erTi voltia. am erTeuls uwodes vatsaaTi (1 vt. sT).

1 vt.sT = 3600 j = 3,6 kj.

praqtikaSi gamoiyeneba eleqtruli denis muSaobis ufro didi erTeulebi.

1 kvt.sT = 1000 vt.sT = 3,6 • 106 j.
1 mgvt.sT = 1 000 000 vt.sT = 3,6 • 109 j.

eleqtruli denis muSaobis gasazomad saWiroa voltmetri, ampermetri da 
saaTi. praqtikaSi denis muSaobas zomaven mricxveliT.

simZlavre drois erTeulSi Sesrulebuli muSaobis tolia. meqanikaSi sim-
Zlavres aRniSnaven NN-iT, eleqtrobaSi ki – PP asoTi.

.

radgan eleqtruli denis muSaoba A = IUt, 

amitom,                                               .

eleqtruli simZlavris erTeulia erTi vati. vati aris erTi amperi denis sim-
Zlavre, roca wredis ubanze Zabva erTi voltis tolia.

1 vt = 1a • v.

92. joul-lencis kanoni
Tu eleqtruli deni gadis iseT wredSi, sadac ar mimdinareobs qimiuri reaqcie-

bi da ar sruldeba meqanikuri muSaoba, maSin eleqtruli denis energia gardai-
qmneba mxolod gamtaris Sinagan energiad da misi temperatura izrdeba. amis 
gamo xurdeba eleqtroRumeli da varvarebis naTuris spirali, uTo da sxva 
eleqtroxelsawyoebi.

energiis mudmivobis kanonis Tanaxmad, Tu wredSi denis gavlisas eleqtruli 
energia mxolod siTbur energiaSi gadadis, maSin denis muSaoba AA UA = UIt toli 
iqneba gamtarSi gamoyofili siTbos raodenobisa.

Q A= ,         anu         Q UIt I Rt R
U
t2
2

= = =  
siTbos raodenoba, romelic gamoiyofa gamtarSi denis gavlis Sedegad, 

pirdapirproporciulia denis Zalis kvadratisa, gamtaris winaRobisa da 
droisa, romlis ganmavlobaSic masSi deni gadis.

am daskvnamde erTmaneTisagan damoukideblad mivida ori mecnieri: ingliseli 
jeims jouli da rusi emil lenci. amitom mas joul-lencis kanoni ewoda.
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93. denis wyaros eleqtromamoZravebeli Zala

gare Zalebis mier Sesrulebuli muSaobis fardobas im dadebiT muxtTan, 
romelic am Zalebis gavleniT gadaadgildeba denis wyaros SigniT uaryofiTi 
polusidan dadebiTisaken, denis wyaros eleqtromamoZravebel Zalas uwo­
deben (SemoklebiT emZ).

emZ-s aRniSnaven E  asoTi.		   q
A

E
gare= .				    (1)

sadac gare Agare – gare (araeleqtruli) Zalebis mier q dadebiTi muxtis gadasa
adgileblad Sesrulebuli muSaobaa.

iseve, rogorc Zabva, emZ izomeba voltebiT. sxvadasxva denis wyaros sxvadasxva 
emZ aqvs.

gare Zalebis muSaobis Sedegad dagrovili energia xmardeba im eleqtruli 
Zalebis mier Sesrulebul muSaobas, romelic saWiroa Caketil wredSi dadebiTi 
muxtis gadaadgilebisaTvis. gare Zalebis muSaoba akompensirebs eleqtruli 
velis energiis Semcirebas wredSi.

amrigad, Caketil konturSi denis wyaros eleqtromamoZravebeli Zala aris 
gare Zalebis mier konturis gaswvriv dadebiTi muxtis gadaadgilebisaTvis 
Sesrulebuli muSaobis Sefardeba am muxtis sididesTan.

(1) formulis Tanaxmad, emZ ricxviTi mniSvneloba aris 1 kuloni dadebiTi mux-
tis gadaadgilebisaTvis gare Zalebis mier Sesrulebuli muSaoba. is skalaruli 
sididea da SeiZleba iyos rogorc dadebiTi, ise uaryofiTi. denis wyaros axasi-
aTeben r winaRobiT, romelsac Sida winaRobas uwodeben.

94. omis kanoni sruli wredisaTvis

sruli (Sekruli) wredi, Sedgeba denis wyaros, raime R winaRobis, CamrTvelisa 
da gamzomi xelsawyoebisagan. sadenebis, CamrTvelisa da wredSi CarTuli raime 
eleqtroxelsawyos winaRobas gare (R) winaRobas uwodeben. xolo denis wyaros 
(r) winaRobas ki – Sida winaRobas.

energiis mudmivobisa da joul-lencis kanonis gamoyenebiT, Teoriulad dad
ginda damokidebuleba denis wyaros emZ, densa da wredis winaRobas Soris.

muxtis gadaadgilebisaTvis gare Zalebis mier Sesrulebuli muSaoba  
A = E∆q. vinaidan ∆q = I•∆t, amitom  A = EI∆t. gare Zalebis muSaobis Sedegad wredis 
Sida da gare ubanze gamoiyofa Q siTbos raodenoba,  Q = Q1 + Q2, 
                                             sadac                Q1 = I2R∆t ;      Q2 = I2r∆t.

energiis mudmivobis kanonis Tanaxmad:   A = Q,    anu     EI∆t = I2R∆t + I2r∆t.

                                           aqedan,         E  = IR + Ir ,      I R r
E= + .

R + r sidides uwodeben wredis srul winaRobas. Cveulebriv r << R.
amgvarad, srul wredSi denis Zala tolia denis wyaros emZ-is Sefardebisa 

wredis srul winaRobasTan.  mas uwodeben omis kanons sruli wredisaTvis. 
Tu wredSi CarTuli denis wyaroebi mimdevrobiTaa SeerTebuli, maSin denis 

wyaros batareis emZ calkeuli denis wyaroebis emZ-ebis  jamis tolia, xolo Siga 
winaRoba yvela denis wyaros Siga winaRobebis jamis toli. Aamitom omis kanoni  
sruli wredisaTvis iqneba:

I
R nr
n E$=
+

.
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denis wyaroebis paralelurad SeerTebisas batareis emZ iqneba igive, rac erTi 
denis wyaros emZ, Siga winaRoba ki moiklebs n-jer. amitom, omis kanons eqneba 
Semdegi saxe:

I
R
n
r

E=
+

Pdenis wyaroebis paraleluri SeerTebisas jamuri eleqtroenergia matulobs.
Zabva denis wyaros momWerebze ganrTuli wredis dros daaxloebiT emZ-s tolia. 

Tu wredis gare winaRoba dasaSveb mniSvnelobaze naklebia (R → 0), maSin wredSi 
deni sagrZnoblad moimatebs. am movlenas mokle CarTva ewodeba.

95. eleqtruli deni metalebSi da siTxeebSi

mandelStamis da papaleqsis, SemdgomSi stuartisa da tolmenis cdebiT dada-
sturda, rom eleqtruli deni metalebSi Tavisufali eleqtronebis mowes­
rigebuli moZraobiT aris ganpirobebuli. Tavisufali eleqtronebis moZ-
raobis saSualo siCqare metalSi aris 10–4 m/wm. eleqtruli impulsi ki sinaTlis 
siCqariT vrceldeba masSi.

siTxeebSi eleqtruli deni aris dadebiTi da uaryofiTi ionebis mimarTuli 
moZraoba.

aseT gamtarobas ionuri gamtaroba ewodeba. Tumca, siTxes SeiZleba hqondes 
eleqtronuli gamtarobac. magaliTad, aseTi gamtaroba axasiaTebs Txevad metalebs.

ionuri gamtarobisas denis gavla dakavSirebulia nivTierebis gadatanasTan. 
eleqtrodebze xdeba im nivTierebis daleqva, romelic eleqtrolitis xsnaris 
SemadgenlobaSi Sedis.

eleqtrolitSi denis gavlisas eleqtrodebze nivTierebis gamoyofis 
process eleqtrolizi ewodeba.

  faradeis pirveli kanoni

eleqtruli denis gavlisas eleqtrolitSi eleqtrodebze gamoyofili 
nivTierebis m masa proporciulia eleqtrolitSi gavlili muxtisa:

m = kq.

sadac proporciulobis k koeficients nivTierebis eleqtroqimiuri ekvi­
valenti ewodeba.

eleqtroqimiuri ekvivalenti tolia eleqtrolizis dros eleqtrodebze 
gamoyofili nivTierebis masis Sefardebisa eleqtrolitSi gasuli muxtis 
raodenobasTan:

k q
m= K.

k-s erTeulia 1 kg/k. sxvadasxva nivTierebas sxvadasxva eleqtroqimiuri ekvi
valenti aqvs. eleqtroqimiuri ekvivalenti asec gamoisaxeba:

1k F n
A
$= ,

sadac F – aris faradeis ricxvi, A A – nivTierebis atomuri (moluri) masa,  

n – valentoba. amitom:		  1 1 .m F n
A It F n

A q$ $= =

n
A  – aris nivTierebis qimiuri ekvivalenti, faradeis ricxvi F = 96500 k/moli.
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96. eleqtruli deni airebSi

Cveulebriv pirobebSi, oTaxis temperaturaze, airi dens ar atarebs. magaliTad, 
haeri kargi dieleqtrikia, radgan masSi praqtikulad ar aris (an Zalian mcire 
raodenobiTaa) muxtis Tavisufali gadamtanebi. gaTbobiT an ultraiisferi 
sxivebis moqmedebiT airis neitraluri atomebis nawili ionizirdeba, radgan 
molekulebisa da atomebis energia izrdeba da maTSi myofma eleqtronma SeiZleba 
SeiZinos is minimaluri energia, romelic saWiroa atomisagan mis amosaglejad. 
am energias ewodeba ionizaciis energia. ionizaciis energiis SeZenis Sedegad 
eleqtroni Tavisufali xdeba, xolo eleqtrulad neitraluri atomis nacv-
lad warmoiqmneba dadebiTi ioni. Tu Tavisuflad moZravi eleqtroni daejaxa 
neitralur atoms, SeiZleba am ukanasknelma miierTos es eleqtroni da maSin 
miiReba uaryofiTi ioni.

maRali temperaturis dros eleqtronebisa da dadebiTi ionebis warmoqmnis 
process Termuli ionizacia ewodeba.

kondensatoris firfitebs Soris arsebul haerSi denis gavlis process araTa­
visTavadi airovani ganmuxtva hqvia.

airis gamtarobis meqanizmi eleqtrolitebis xsnarebisa da metalebis nad-
nobis gamtarobis meqanizmis msgavsia. masSi Serwymulia metalis eleqtronuli 
gamtaroba da eleqtrolitebis wyalxsnarebisa da nadnobebis ionuri gamtaroba. 
e. i. airSi muxtis gadamtanebia eleqtronebi, dadebiTi da uaryofiTi ionebi.

xSirad, eleqtronisa da dadebiTi ionis urTierTqmedebisas SeiZleba kvlav 
warmoiqmnas neitraluri atomi. am process damuxtul nawilakTa rekombinacias 
uwodeben.

rodesac damuxtul nawilakTa axlad warmoqmnili wyvilebis ricxvi tol-
ia rekombinaciis Sedegad gamqrali wyvilebis ricxvisa, airSi myardeba e. w. 
dinamiuri wonasworoba. am dros denis Zalis sidide ar icvleba. es procesi 
damaxasiaTebelia araTavisTavadi ganmuxtvisaTvis. maRali Zabvis eleqtrul 
velSi normaluri atmosferu-
li wnevis dros airis ioniza
ciisas warmoqmnili damuxtu-
li nawilakebi airis atomebsa 
da molekulebTan dajaxebis 
Sedegad amoglejen maTgan 
eleqtronebs. meoradi ele-
qtronebi sxva molekulebTan 
da atomebTan dajaxebisas kvlav 
iwvevs damuxtuli nawilakebis 
gaCenas. amrigad, warmoiqmneba 
damuxtuli nawilakebis zvavi. 
am movlenas dartymiTi ioni­
zacia ewodeba (sur. 78). ganmux
tvas ki – TavisTavadi.

arsebobs TavisTavadi ganmux-
tvis sxvadasxva saxe: mRvivari 
ganmuxtva, eleqtruli rkali, 
naperwkluri da gvirgvinisebri 
ganmuxtva.

sur. 78
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97. eleqtruli deni naxevargamtarebSi

naxevargamtarebs eleqtruli denis gamtarobis mixedviT Sualeduri adgili 
uWiravT gamtarebsa da dieleqtrikebs Soris. naxevargamtaruli nivTiere-
bebi xasiaTdebian gansakuTrebuli TvisebebiT. kerZod, am nivTierebebis kuTri 
winaRoba damokidebulia temperaturaze da sinaTlis moqmedebaze. Tu tempera­
turis momatebiT metalebis kuTri winaRoba matulobs, metalebisagan gansx-
vavebiT naxevargamtarebis winaRoba mcirdeba. metalze sinaTlis moqmedeba maT 
gamtarobaze ar moqmedebs, naxevargamtarebis gamtaroba ki sinaTlis moqmedebiT 
izrdeba (anu winaRoba mcirdeba).

naxevargamtarSi gvaqvs ori tipis muxtis matareblebi: eleqtronebi da 
xvrelebi. amitom naxevargamtarebs ara mxolod eleqtronuli, aramed xvre­
luri gamtarobac axasiaTebs. aseT gamtarobas naxevargamtaris sakuTari 
gamtaroba ewodeba.

minarevuli gamtaroba ewodeba gamtarobas, romelic ganpirobebulia nax­
evargamtarSi minarevebis SemcvelobiT. minarevebi SeiZleba iyos donoruli 
(gamcemi), anu n tipis da aqceptoruli (mimRebi), anu p tipis.

p-n – gadasvla anu eleqtronul-xvreluri gadasvla aris sivrculi are ori 
naxevargamtaris n da p tipis kontaqtisas, romelSic xdeba muxtebis matareblebis 
gadasvla erTi tipis gamtarobis naxevargamtaridan meoreSi.

naxevargamtarebis p-n – kontaqti gamoyenebulia diodebSi. diodi aris oreleq
trodiani eleqtruli xelsawyo, romelsac aqvs sxvadasxva gamtaroba eleqtruli 
denis mimarTulebis mixedviT.

98. cvladi deni

dens, romlis sidide da mimarTuleba periodulad icvleba sinusis an 
kosinusis kanonis mixedviT cvladi deni ewodeba.

praqtikuli TvalsazrisiT cvlad dens mTeli rigi upiratesoba gaaCnia mudmiv 
denTan SedarebiT. kerZod, cvladi denis amaRleba an dadableba gacilebiT ufro 
advilia da naklebi energetikuli danakargebiT xorcieldeba, vidre mudmivi 
denis gardaqmna. cvladi denis es Tviseba gamoixateba misi transformirebis 
SesaZleblobaSi. cvladi deni gamoiyeneba mrewvelobaSi da yofacxovrebaSi.

79-e suraTze gamosaxulia  cvladi denis Zalis droze damokidebulebis 
grafiki. deni erTi periodis ganmavlobaSi 2-jer icvlis Tavis mimarTulebas 

da 2-jer aRwevs Tavis maqsimalur 
da minimalur mniSvnelobebs.  
e. i. igi asrulebs erT srul rxevas. 

dros, romlis ganmavlobaSic 
deni asrulebs erT srul rxevas 
cvladi denis periodi ewodeba.  
1 wm-Si Sesrulebul rxevaTa  
ricxvs cvladi denis sixSire 
ewodeba. samrewvelo denis six-
Sire Cvens qveyanaSi, iseve, rogorc 
evropis qveynebSi 50 hercia. aSS-Si 
da iaponiaSi 60 herci.

sur. 79
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99. denis Zalisa da Zabvis efeqturi mniSvneloba

cvladi denis Zala wredSi gamudmebiT icvleba, rogorc sididiT, aseve 
mimarTulebiT. amitom mas drois sxvadasxva momentSi sxvadasxva myisi 
mniSvneloba gaaCnia. denis Zalis saSualo mniSvneloba 0-is tolia.radganac 
periodis pirvel naxevarSi deni Zala dadebiTia, meore naxevarSi uaryofiTi, 
amitom saSualo mniSvnelobiT misi daxasiaTeba SeuZlebelia. imisaTvis, rom 
daaxasiaTon cvladi denis Zala wredSi, mas adareben mudmiv denis Zalas, mis 
mier gamoyofili siTbos raodenobis mixedviT.

mudmivi denis im mniSvnelobas, romelic gamtarSi siTbos imave raodenobas 
gamoyofs, ramdensac cvladi deni, cvladi denis efeqturi (moqmedi) mniS­
vneloba ewodeba.

cvladi denis sidide 10 amperis tolia niSnavs, cvladi denis siTburi moqmedeba 
iseTivea, rogoricaa 10 a mudmivi denis siTburi moqmedeba. davamyaroT kavSiri 
wredSi gavlil denis Zalis moqmed mniSvnelobasa da mis maqsimalur mniSvnelobas 
Soris. vipovoT am sididis saSualo mniSvneloba t drois iseTi SualedisaTvis, 
romelic gacilebiT didia cvladi denis periodTan SedarebiT. radgan kosinusi 
(iseve, rogorc sinusi) niSancvladi funqciaa, amitom misi saSualo mniSvneloba 
didi drois SualeDdSi nulis tolia. 

radgan Q = I2Rt, xolo I = I0sinωt, amitom denis Zalis kvadrati iqneba:

I2 = I sin t0
2 2~ ,

sadac I0 denis maqsimaluri (amplituduri) mniSvnelobaa, 
T
2

2~
r

ro= =  – cikluri 

sixSirea, v – denis sixSirea.

                              sin2ωt = 2
1 2cos t- ~ ,         amitom   2

1 2cos t
I I2

0
2 ~=

- 			   (1)

radgan  cos2ωt funqciis saSualo mniSvneloba drois didi SualedisaTvis aris 
nuli, (1) formulidan miiReba:

2I I2 0
2

= ,            aqedan,     
2

I I0=

I – denis efeqturi (moqmedi) mniSvnelobaa, I0 – denis amplituduri anu maqsi-
maluri mniSvneloba.

analogiurad miiReba Zabvisa da emZ-is moqmedi mniSvnelobebi:

2
U U0= ,           

2
E E0= .

denis Zalisa da Zabvis moqmedi mniSvnelobebis registracias axdens cvladi 
denis ampermetri da voltmetri.
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100. transforamatori

mowyobilobas, romelic Zabvis gardasaqm­
nelad gamoiyeneba gadacemuli simZlavris 
Seucvlelad, transformatori ewodeba 
(transformatori, Transformare – gardaqmna).

transformatori Sedgeba satransforma-
toro foladis Caketili gularisa da masze 
Camocmuli ori gragnilisgan, romlebzec daxveulia sxvadasxva ganivkveTis 
mqone izolirebuli gamtarebi (sur. 80).

erT gragnilze daxveulia gamtarebis xviebis mcire ricxvi n1, xolo meoreze 
xviebis didi ricxvi n2. gragnils, romlis boloebze modebulia gardasaqmneli 
Zabva, ewodeba pirveladi gragnili. xolo gragnils, romlis boloebze miiReba 
gardaqmnili U2 Zabva – meoradi gragnili.

Tu pirvelad gragnilze modebuli Zabva naklebia, vidre meoradze, maSin trans-
formators amamaRlebeli ewodeba, winaaRmdeg SemTxvevaSi transformatori 
damadablebelia. transformatoris moqmedebis safuZvelia eleqtromagnituri 
induqciis movlena. pirvelad gragnilSi gamavali cvladi deni transformatoris 
gularSi aRZravs cvlad magnitur vels. radgan gragnilebi Camocmulia saerTo 
gularze, amitom maT ganWolavs erTi da igive magnituri nakadi da gragnilebis 
TiToeul xviaSi aRZravs erTsaD da imave emZ-s. TiToeul gragnilSi emZ-is moqmedi 
mniSvneloba iqneba:

E 1 = en1      da     E 2 = en2.

transformatoris fuWi svlisas, pirvelad gragnilze modebuli U1 Zabvisa da 
E 1 emZ-is jami tolia pirvelad gragnilSi Zabvis vardnisa:  E 1 + U1= I1 R1; vinai
dan gragnilis aqtiuri winaRoba R1 mcirea, amitom am gragnilze Zabvis vardna  
I1 R1 ≈ 0 da E 1 ≈ –U1. Umeoradi gragnili ganrTulia I2 = 0, Zabvis vardnaa I2 R2 ≈ 0.

transformatoris muSa svlisas meoradi gragnilis wredi ar aris ganrTuli, 
wredSi gaivlis I2 deni. amitom piroba U2 = E2 aRar Sesruldeba da damokidebuleba 
ar iqneba iseTi martivi, rogoric fuWi svlis dros.

transformatoris pirveladi gragnilis boloebze Zabva ise Seefardeba 
meoradi gragnilis boloebze Zabvas, rogorc pirveladi gragnilis xviaTa 
ricxvi meoradi gragnilis xviaTa ricxvs. am Sefardebas transformatoris 
transformaciis koeficienti ewodeba da aRiniSneba k asoTi:

k n
n

U
U

E
E

2

1 1

2

1

2
= = = .

igi gviCvenebs, Tu ramdenjer aamaRlebs an daadablebs transformatori Zabvas.
roca meorad gragnilTan mierTebulia datvirTva, maSin masSi deni gadis. 

meorad gragnilSi gamavali deni ukugavlenas axdens pirvelad gragnilSi gama-
val denze. unda SevniSnoT, rom simZlavre orive gragnilSi TiTqmis erTnairia 
– gragnilebisa da gularis gaTbobisas danakargebi umniSvneloa.

Tu         I1U1 = I2U2 ,    aqedan,       
I
I

U
U

2

1

1

2=  .

e. i. ramdenjerac izrdeba Zabva, imdenjer mcirdeba denis Zala. amrigad, 
cvladi denis gadacema Sor manZilze xelsayrelia maRali ZabviT. am miz-
niT eleqtrosadgurebTan amamaRlebel transformatorebs iyeneben, Zabvas  
zrdian asiaTaseul voltamde. momxmarebelTan ki iyeneben damadablebel trans-
formatorebs, raTa Zabvam daiwios mosaxmareblad usafrTxo mniSvnelobamde.
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